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OBJECT: 


DRAINAGE 


In discussing the management of chronic 
cholecystitis without stones, Albrecht states: 
“*The object of the medical procedure is 
to assist in draining an infected organ.”* 
The specific hydrocholeretic action of 
Decholin (chemically pure dehydrocholic 

acid) accomplishes this purpose. 

Bile secretion induced by Decholin is 
thin and copious, flushing the passages 
from the liver to the sphincter of Oddi, 
and carrying away infectious and other 
accumulated material. 


HOW SUPPLIED: 
Decholin in 3% gr. tablets. Boxes of 25, 
100, 500 and 1000. 


*Albrecht, F. K.: Modern Management in Clinical 
Medicine, Baltiriore, The Williams and 
Wilkins Co., 1946, p. 170. 
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General Information 


THE AMERICAN JOURNAL OF MEDICINE 
extends an invitation to the profession for 
original releases on clinical investigations, 
clinical reviews, case reports and articles 
designed for postgraduate teaching. 

Articles are accepted for publication with 
the understanding that they are original con- 
tributions never previously published. All 
manuscripts are subject to editorial modifi- 
cation, and upon acceptance become the 
property of THE AMERICAN JOURNAL OF 
MEDICINE. | 

THE AMERICAN JOURNAL OF MEDICINE 
does not hold itself responsible for any 
statement made or opinions expressed by 
any contributor in any article published in 
its columns. 


A reasonable number of illustrations are 
supplied free of cost; special arrangements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 

Reprints are furnished on order. Prices 
are quoted on the first day of the month 
during which article appears. Individual 
reprints of an article must be obtained 
from the author. 

Material published in THE AMERICAN 
JOURNAL OF MEDICINE is. copyrighted and 
may not be reproduced without permission 
of the publishers. 

Change of address must reach us by the 
15th of the month preceding month of issue. 


PREPARATION OF MANUSCRIPTS 


‘Text. Manuscripts are to be typewritten 
on one side of the paper, with double spac- 
ing and good margins. The original should 
be sent to the editor and a carbon copy 
retained by the author. 


Illustrations. Illustrations must be in the 
form of glossy prints or drawings in black 
ink (never in blue). On the back of each 
illustration the figure number, author’s 
name and an indication of the top of the 
picture should be given. Legends for illus- 
trations are to be typewritten in a single list, 
with numbers corresponding to those on the 
photographs and drawings. Please do not 
attach legends to the pictures themselves. 


Bibliographies. Bibliographic references should 
be at the end of the manuscript and not 
in footnotes. Each reference should include 
the following information in the order in- 
dicated: Name of author with initials; title 
of article; name of periodical; volume, page 
and year. The following may be used as a 
model: 


F. W., STANLEY-BrRown, M. and 
Quick, A. J. Postoperative thrombosis 
and embolism. Am 7. Surg., 26: 648, 
1945. 

The subscription price of THe AMERICAN JOURNAL OF 

Mepicin_E, is $10.00 per year in advance in the United 

States; $12.00 in Canada and foreign countries. Current 

single numbers $2.00. All Special Numbers $4.00. Prices 

for such back numbers as are available will be quoted 
on request. 


Address all correspondence to 
The American Journal of Medicine . 49 West 45th Street - New York 19 
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‘‘No wonder! His doctor gave him D-P-T*”’ 


Pick feature of Cutter D-P-T—and Cutter also makes D-P-T (Albydrox), 
you'll find a reason why this combined which offers further advantages: It 


vaccine gives better protection! provides higher levels 

uman blood, used for growing pertussis alum precipitated vaccines. Cuts side 
not cal anti- reactions to a minimum. Lessens pain on 
genicity of anaene—te 80 rules injection because of its more physiolog- 
out the danger of anaphylactic shock ically normal pH. 
due to heterologous animal protein. Choose D-P-T — Plain or Alhydrox — 


Extreme purification of diphtheria and you'll find it distinctly advantageous in 
tetanus toxoids yields well over one your practice. 


human dose ¢ ach, per cc. * Cone’ .. — : combined diphtheria, pertussis 
Concentration of toxoids—plus 40 billion Cutter Laboratories, Berkeley 1, California 
Phase I pertussis organisms per cc.— Chicago « New York 


permits a dosage schedule with D-P-T 
of only 0.5 cc., 1 cc., 1 cc. 


For your "‘anxious-to-do-right’’ parents, 
Cutter offers an informative new book- Bee 
let—''How to Prevent Diseases of 


Children.’’ Write us for the gift copies 
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STREPTOMYCIN 


Highly Effective 
Antibacterial Agent 


STREPTOMYCIN 


HYDROCHLORIDE 


MERCK 
Council 


MERCK & CO., Inc. RAHWAY, N. J. 
ng Chemists 


In Canada: MERCK & CO.,Ltd. Montreal, Que. 


CLINICAL INDICATIONS 


Streptomycin is effective in the treat- 
ment of: 


URINARY TRACT INFECTIONS, BAC- 
TEREMIA, and MENINGITIS due to 
susceptible strains of the following 
organisms: 


Esch. coli A. aerogenes 


Proteus vulgaris Ps. aeruginosa 
‘ (B. pyocyaneus) 


(Friedlind er’s bacillus) 


TULAREMIA 
ALL H. influenzae \NFECTIONS 


Streptomycin is a helpful agent in 
the treatment of the following dis- 
eases, but its position has not been 
clearly defined: 


Peritonitis due to susceptible or- 
ganisms. 


Pneumonia due to Klebsiella pneu- 
moniae (Friedlander’s bacillus). 
Liver abscess due fo streptomycin- 
sensitive, gram-negative bacilli. 
Cholangitis due to streptomycin- 
sensitive, gram-negative bacilli. 


Endocarditis caused by penicillin- 
resistant, streptomycin-sensi- 
organisms. 


Empyema due to streptomycin- 
sensitive, gram-negative or- 
ganisms. 


* 
Physicians now may obtain ade- 
quate supplies of this remarkable 
new antibacterial agent, with- 
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Tuberculosis. 
A Chronic pulmonary infections due 
predominantly to streptomycin- 
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DI-OVOCYLIN 


Estrogen of High Poteney and Prolonged Effeet 


Alpha-estradiol, according to the statement of New and Non-Official Remedies, is “probably the most 
potent of all known estrogens.” As an example of its duration of effect, a single injection of Di-Ovocylin, 
Ciba’s brand of a-estradiol dipropionate, will control symptoms for fourteen to twenty-one days in the 
majority of menopausal patients.’ Di-Ovocylin, being a derivative of a natural estrogenic hormone, has 
the added advantage of producing a feeling of well-being in the patient. These inherent advantages, 
corroborated by extensive published reports, have influenced many leading clinicians to standardize 
on this Ciba estrogen for all pertinent indications. When effective and prompt control of estrogen 
deficiency is established with Di-Ovocylin injections, patients can be maintained with Ovocylin tablets, 
Ciba’s brand of oral a-estradiol, also provided as ointment or suppositories for topical use. 


1. Greene, R. R.: Int. Abst. Surg., 74: 595, 1942. 


CIBA PHARMACEUTICAL PRODUCTS, INC. 


SUMMIT 


OVOCYLIN, DI-OVOCYLIN—Trade Marks Reg. U.S. Pat. Off. 2/1204 
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The New CAMBRIDGE 
PLETHYSMOGRAPH 


BURCH-WINSOR TYPE 


The Cambridge Plethysmograph records variations in the size of human ex- 
tremities as determined by the state of fullness of the blood vessels. The instru- 
ment produces records which are standardized, quantitative and reproducible. 


The extremity under investigation (finger, 
toe, etc.) is sealed in a plastic cup. This 
cup is connected by tubing to a highly 
sensitive metal capsule so t any varia- 
tion in the volume of the extremity pro- 
duces a corresponding extension or con- 
traction of the capsule. Movement of the 
capsule is translated to a pointer arm, the 
shadow of which is projected onto the 
bromide paper of a photographic recorder. 


These plethysmograms are standardized: 


A 28-page paper, “A New Sensitive Portable Plethysmograph,” 
by G. E. Burch, M. D. (Am. Heart J. 33: 48, January 1947), de- 
scribes this instrument in detail. We shall be pleased to send one 


1 cubic millimeter change of volume per 
5 cc. of volume of the extremity produc- 
ing a deflection of 1.0 mm. on the record. 
Tracings made on all Cambridge Plethys- 
mographs are therefore comparable; they 
can be read easily and interpreted directly 
without calculations. 


Now in production, this new CAM- 
BRIDGE instrument offers a sturdy, 
portable, and practical Plethysmograph 
for clinical and experimental purposes. 


or more reprints of Dr. Burch’s paper on request. 


CAMBRIDGE INSTRUMENT CO., INC., 3758 Grand Central Terminal, New York 17, N. Y. 
Pioneer Manufacturers of the Electrocardiograph 


MAKERS ALSO OF THE CAMBRIDGE ELECTROKYMOGRAPH, CAMBRIDGE RESEARCH pH METER, 
CAMBRIDGE AMPLIFYING STETHOSCOPE, CAMBRIDGE BLOOD PRESSURE RECORDER, ETC. 
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Prolonged effect 


in local mouth lesions ¥ 


Troches of Bristol Penicillin dis- 
solve slowly while resting in the buccal 
sulcus. Penicillin is gradually released 
into the saliva, bathing the access- 
ible mucous lining of the oral cavity 
with an effective concentration of the 
antibiotic. Such direct and prolonged 
contact of penicillin with the local 
lesion is a basic principle of successful 


therapy. 
Penicillin troches are used with 


definite relief in Vincent’s angina; 
ulcerative, aphthous or desquamative 
stomatitis; hypertrophic or ulcerative . 


gingivitis; inflammatory paradentosis. 


ili 


lil 


Bristol Penicillin Troches, pleasantly flavored, are available in bottles 
of 20, each containing 1000 penicillin units. The excipient has. been 
accurately designed with two pharmaceutical objects—to insure com- 
plete stability of the product in the bottle, and to insure a gradual 
release of the penicillin in the mouth. 


Bristol 


LABORATORIES INC. SYRACUSE, NEW YORK 
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Far too often in the past, the secondary anemia case improved to a point below normal, then stopped— 
or showed very slow progress. Today, thanks to the efforts of research workers at the University of 
Wisconsin, physicians are better prepared to treat such cases. The answer lies in the discovery by the 
University group that maximum hemoglobin regeneration requires the presence of copper to act 

as a catalyst for the iron. e Cofron Elixir is based upon this discovery. It is a palatable liquid 
containing one part copper to 25 parts iron, the ratio found most effective by the Wisconsin 
investigators. In addition, Cofron Elixir contains liver concentrate as a source of vitamin B 

complex factors. e Cofron Elixir is offered for the treatment of nutritional and other 

secondary anemias, and for general use as an iron tonic and hematinic in the treatment of 

anemias accompanying prolonged illness. It is especially suitable for children and others 

who prefer liquid to capsules. Cofron with Liver Concentrate in Capsules is designed 

for the treatment of more severe secondary anemia. @ Cofron Elixir is available 

for your prescribing convenience in 12-fluidounce and 1-gallon bottles. Cofron 

with Liver Concentrate in Capsules is stocked at pharmacies in bottles of 100, 

500 and 1000 capsules. ABBoTT LaBporatorieEs, North Chicago, Illinois. 


Cofron elixir 


REG U S&S. PAT. OFF. 


Cofron with Liver Concentrate 


IN CAPSULES 


A. 
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e 
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FERROUS SULFATE 


a 


— with 
ane to initiate or 
augment multiple autri- 

deficiencies. The fat- 


soluble vitamins as well as 
the B-complex factors 
must be su 


the appetite 
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IN HYPOCHROMIC ANEMIA 


In hypochromic anemia the need not only for iron but for 
the vitamins as well is so great that the required amounts 
of these substances cannot be obtained from food alone. 

Heptuna offers a convenient means of supplying highly 
available iron and adequate dosages of essential vitamins, 
all of which are necessary in the speedy correction of sec- 
Ondary anemia. 


S: 
EACH CAPSULE CONTAIN | 


.5 Grains 


Ferrous Sulfate 
Vitamin A (Fish-Liver Oil)... 5,000 U.S.P. Units 
Vitamin D (Tuna-liver Oil).... 500 U.S.P. Units 
Vitamin B, (Thiamine Hydrochloride). . 
Vitamin Bz (Riboflavin)............. 
Vitamin B, (Pyridoxine Hydrochloride) . 


0.1 mg. 


J. B. ROERIG AND COMPANY «~ 536 Lake Shore Drive * Chicago 11, Illinois 
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quent hap boon 
found to be one of the... 
most effective forms of 
iron medication.”! 
l. Barr, D.P.: Modern 
Medical Therapy in Gen- 
ube Williams A 
hins Company, 1940, vol. 3, 
DD. 2929-2930. 
VITAMINS A AND D 
Calcium Pantothenate.............. 0.333 mg. 
B-COMPLEX 
Niacinamide 10 mg. 
Tegether with other B-complex factors from liver and yeast. 
my pa who cannot 
iron alone. 
Bi RIG 


PENDARVON 


(a source of Amino Acids and Vita- 
mins of the B Complex) answers the 
question of palatability with a zesty, 


| 
| 
Pendarv 
NEW. 
send you ¢ 
supply for 
testing. 
Granule-form, 
Sa dissolves readily 
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in the impaired absorption of 


hypochromic anemias 


To assure maximum assimilation—and pos- 
sibly reduce tendency to nausea and incidence 
of allergic response—in the treatment of 
secondary anemias, the crude (unfraction- 
ated) liver concentrate in Hepatinic is sub- 
jected to a special process of enzymatic di- 


gestion which converts it to an easily absorbed 
form. The combination of readily assimilable 
ferrous iron, unfractionated liver and vitamin 
B complex of Hepatinic effects a more 
powerful hemopoietic action than any form 
of iron alone. 


HEPATINIC 


—has unusual taste appeal—where appetite is lacking or ‘‘finicky,”’ 
Hepatinic simplifies the administration problem. Its alcoholic content 
is very low—making it safe for infants and children. 


liver concentrate. 


FORMULA 


Each fluidounce contains: Ferrous Sulfate 12 gr., Crude Liver Concentrate 
GO gr., fortified to represent Thiamine Hydrochloride 2 mg., Riboflavin 4 mg., 
Niacinamide 20 mg., together with pyridoxine, pantothenic acid, choline, 
folic acid, vitamin Byo, vitamin B,;, biotin, inositol, para-aminobenzoic acid 
and other factors of the vitamin B complex as found in crude (unfractionated) 


Elixir Hepatinic is supplied in 8 fl. oz. and pint bottles. Tasting samples on request. 


LABORATORIES, INC. 


McNEIL 


PHILADELPHIA 32, PENNSYLVANIA 
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PURODIGIN® (Digitoxin Wyeth) is preferred 


BECAUSE of the high percentage of active principle 
ent in Purodigin. 


BECAUSE Purodigin is better tolerated. 
oa BECAUSE Purodigin has the same action as digitalis. 


. BECAUSE Purodigin can replace digitalis without interrupt- 
~ ing treatment. Simply prescribe 0.1-0.2 milligram Purodigin 
in place of 0.1-0.2 gram digitalis. 


0.2 mg. tablets, vials of 30, botties of 100 and 500 
0.1 mg. tablets, botties of 100 
For intravenous injection: | cc. ampuls, 0.2 mg. 


® 
WYETH INCORPORATED ec PHILADELPHIA 3, PA. 
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Since Human Nutrition 
ls Not a Matter of 


Isolated Nutrient 
In the light of present-day knowledge of 
nutritional requirements, it is becoming 
increasingly clear that foods should 
be appraised in terms of their over-all 
nutrient contribution, rather than on the 
basis of contributing one isolated nutrient. 
From this standpoint, the cereal serving— 
consisting of cereal (hot or ready to eat), 
milk, and sugar—makes a significant and 
valuable contribution to the satisfaction 
of daily nutrient needs. 
It provides, in addition to 202 calories 
of readily utilizable caloric food energy, 
adequate amounts of B-complex vitamins to 
permit efficient combustion of its carbohydrate, a protein 
mixture which is biologically adequate, and valuable minerals. 
Thus the cereal serving supplies virtually all essential 
nutrient; except ascorbic acid. Because of the large variety of 
break: ast cereals available, a different one may be 
served daily, thus maintaining sustained appetite 
appeal. The quantitative contribution made by 1 ounce 
of ready-to-eat or hot cereal* (whole grain, 
enriched, or restored to whole grain values of thiamine, 
niacin, and iron), 4 ounces of milk, and 1 teaspoonful -“ 
of sugar, is indicated by the table. 
CALORIES 202 PHOSPHORUS.... 206 mg. 
PROTEIN......... 7.1Gm. IRON............ 1.6 mg. 
BAT. 5.0Gm. VITAMIN A...... 193 1.U 
CARBOHYDRATE. 33.0Gm. THIAMINE 0.17 mg. 
CALCIUM........ 156 mg. RIBOFLAVIN..... 0.24 mg. 
NIACIN.......... 1.4 mg. 


*Composite average of all breal:fast cereals on dry weight basis. 


Physicians are invited to send for a complimentary copy of the 
brochure ‘Cereals and Their Nutritional Contribution” (PN-1). 


CEREAL INSTITUTE, INC. 


135 South La Salle Street - Chicago 3... 


The presence of this seal indicates that all 
> ~=s nutritional statements in this advertise- 


Council on Foods and Nutrition of the 
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stable tyrothricin 


in 
ointment 
form! 


SHARP 
DOHME 


‘TYRODERM’ Tyrothricin Cream is particularly designed for treatment of a variety 
of skin infections. Developed by the Medical Research Division of Sharp & Dohme, 
it contains 0.5 mg. (500 micrograms) of stable tyrothricin per gram in a special 
emollient base. * The tyrothricin present in ‘TYRODERM’ Tyrothricin Cream is stable 
«.. exhibits approximately the same range of bacterial specificity as penicillin . . . 
remains in contact with site of application for a prolonged period of time .. . acts 
promptly. © ‘TYRODERM’ Tyrothricin Cream is indicated in the treatment of 
pyodermatoses such as acne vuigaris, impetigo, dermatitis vegetans, infectious 
eczematoid dermatitis, and other dermatoses caused by gram-positive organ- 
isms. It is also useful in the treatment of varicose, decubital and ischemic ulcers, 


selected accessible postsurgical wounds, and minor second and third degree burns. 


' Sharp & Dohme, Philadelphia 1, Pa. 


Supplied in 1-oz. tubes and 1-Ib. jars. 


‘Two notes... a single effect 


The blended tonal effect of a piano chord is 
dependent upon more than one note. Like- 
wise, a combination of barbiturates can pro- 
duce a result which cannot be duplicated by 


a single orally administered barbiturate. With P [| | \/ L | QP S 
Pulvules Tuinal, a rapid yet prolonged seda- 


tive or hypnotic action can be produced. To | | | 


accomplish this, rapid short-acting ‘Seconal 
Sodium’ (Sodium Propyl-methyl-carbiny] Al- 
lyl Barbiturate, Lilly) is combined with slower 
Jonger-acting ‘Sodium Amytal’ (Sodium Iso- 
amyl] Ethyl Barbiturate, Lilly). Pulvules Tuinal PULVULES TUINAL—A Combination 
act promptly and allow the patientafullnight’s of ‘Seconal Sodium” and ‘Sodium 
rest, undisturbed by an early awakening. 


Available as: 
PULVULES TUINAL, 1% grains (0.1 Gm.) 
(No. 303) 
and 
PULVULES TUINAL, 3 grains (0.2 Gm.) 
(No. 304) 


EL! LILLY AND COMPANY « INDIANAPOLIS 6, INDIANA, U.S.A. 


| 


The American Journal of Medicine 


II 


MAY, 1947 No. 5 


Editorial 


Streptomycin 


HERE is good evidence from the 

papers appearing in this symposium 

to support the statement that strep- 
tomycin is an extremely valuable anti- 
infective agent in the treatment of many 
infections that are resistant to either the 
sulfonamides or to penicillin. Thus, strep- 
tomycin has taken its place along with the 
sulfonamides and penicillin as a potent and 
valuable chemotherapeutic agent. Its effect 
in tularemia is unquestioned and in many 
cases dramatic. The results reported by 
Foshay are extremely impressive and carry 
great weight. The statement that “there is 
uniform agreement that streptomycin is 
an extremely effective therapeutic agent in 
tularemia”’ is supported by the data and by 
a wide experience with the treatment of 
this disease with other methods. It is note- 
worthy that highly satisfactory results can 
be obtained with a total dosage schedule of 
2 to 3 Gm. given over a period of four to six 
days. 

Dr. Alexander gives us precise informa- 
tion concerning the position of streptomycin 
in the treatment of H. influenzae meningitis. 
Her broad experience with the use of vari- 
ous methods of treatment in this disorder 
suggest that streptomycin should be used 
alone only in mild or moderately severe 
cases. The criteria for the use of various 
forms of combined therapy such as strepto- 
mycin alone, or sulfadiazine and antiserum, 
or the combined use of sulfadiazine with 
either streptomycin or Type B H. influenzae 


antiserum are spelled out very clearly in the 
paper. 

That streptomycin has a small but defi- 
nite place in the treatment of bacterial 
endocarditis is emphasized by Hunter. The 
patients with gram-negative bacillary in- 
fections who have an organism that is sensi- 
tive to streptomycin should all receive 
treatment. Also, those patients with penicil- 
lin-resistant, streptomycin-sensitive organ- 
isms that fall into the gram-positive group 
should be treated intensively. 

The position of streptomycin in the treat- 
ment of urinary tract infections has been 
defined by Hewitt and forgwounds and 
peritonitis by Howes and Zintel, respec- 
tively. All these studies demonstrate that 
streptomycin plays a definite part in con- 
trolling these complicated infections. 

The review of the present status of 
streptomycin treatment in tuberculosis by 
Hinshaw, Pyle and Feldman serves to stress 
once again the importance of studying this 
infection further and with greater intensity. 
One cannot help but be impressed with the 
positive effects of chemotherapy in these 
various tuberculous infections. When the 
statement that “streptomycin is the most 
effective antibacterial agent known for 
tuberculosis” is combined with another, 
“experience with this antibiotic agent has 
proved that tuberculosis is a disease amena- 
ble to antibacterial therapy,” there are 
good grounds for believing that great strides 
will be made in developing new methods for 
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treating one of the most important infec- 
tions in man. 

The results reported by Finch in acute 
brucellosis strongly suggest that the treat- 
ment of these patients should be carried out 
over a period of at least three to four weeks 
with 2 to 3 Gm. of streptomycin a day. It is 
a striking fact that in this disease, as well as 
in enteric infections due to E. typhosa and 
salmonella strains, the results of treatment 
with streptomycin have not been dramatic 
or impressive. It is far from clear why 
typhoid bacilli that are sensitive to strepto- 
mycin in vitro cannot be destroyed in the 
body when concentrations of the antibiotic 
are obtained in body fluids that are higher 
than is necessary to kill the organisms in 
vitro. It would be of great importance if we 
knew the mechanism of this phenomenon. 

It has been pointed out that one of the 
limiting factors in using streptomycin is the 
rapid development of so-called bacterial re- 
sistance. The mechanism by which this 
resistance develops is not wholly understood. 
Perhaps one of the reasons for our lack of 
understanding of this phenomenon is that 


we are almost wholly ignorant of the mode ~ 


of action of streptomycin on bacteria. It is 
not too much to expect that more informa- 
tion concerning the mode of action of 
streptomycin might assist one in under- 
standing this problem of bacterial resistance 
and provide us with ways and means of pre- 
venting its development. 

The toxic reactions as summarized by 


Editorial 


McDermott and the tests for bacterial 
sensitivity and methods of streptomycin 
determination in body fluids by Herrell and 
Heilman point to a number of the import- 
ant practical features in the management 
of patients who are receiving streptomycin. 

It seems plain from McDermott’s studies 
that reactions from streptomycin follow the 
use of highly purified material as well as 
material containing not more than 50 to 
60 per cent streptomycin. Also, it is clear 
that the larger the daily dose and the longer 
the treatment the higher the incidence of 
reactions. McDermott makes the point that 
toxicity cannot be considered apart from 
the diseases for which the drug is used. On 
a basis of his studies, it is stated that 3 Gm. a 
day represents the maximum limit of a safe 
dose. On the whole, however, it can be 
stated that the toxicity is sufficiently low to 
justify the use of this drug in all seri- 
ous or potentially serious infections due 
to penicillin-resistant, streptomycin-sensi- 
tive organisms. 

It can be said that streptomycin is an- 
other antibiotic agent that is extremely 
valuable and effective in controlling many 
infections that were uninfluenced by any 
other existing chemotherapeutic agent. Its 
discovery and application shows what can 
be accomplished in a group of extremely 
stubborn infections. It is to be hoped that 
our knowledge of its usefulness will be ex- 
tended still further in the future. 


CHESTER S. KEEFER, M.D. 
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Streptomycin 
General Considerations, Tests for Bacterial Sensitivity and Methods 
of Measurement of Streptomycin in Body Fluids 


Wa ace E. HERRELL, M.D.* and Forpyce R. HEILMAN, M.D.* 
ROCHESTER, MINNESOTA 


HE antibiotic agent, streptomycin, 

was first described by Schatz, Bugie 

and Waksman! in January, 1944. 
The substance was produced by an actino- 
mycete which had been discovered and 
described some years previously by Waks- 
man. This actinomycete was subsequently 
placed in the genus Streptomyces by Waks- 
man and Henrici? and is now known as 
“Streptomyces griseus.” The newly dis- 
covered antibiotic was consequently given 
the name “streptomycin.” Schatz, Bugie 
and Waksman suggested that this anti- 
bacterial agent possessed properties which 
might make it useful in the treatment of 
disease caused by certain gram-negative 
as well as some gram-positive pathogens. 

Streptomycin behaves chemically as an 
organic base. It is rather thermostabile. It 
is not soluble in ether or chloroform but it 
is soluble in water and dilute acids. It was 
evident from the original reports that in the 
group of organisms Which might be in- 
hibited by the action of streptomycin were 
such microbes as Escherichia coli, Bacillus 
subtilis, Aerobacter aerogenes, Proteus vul- 
garis and some species of Salmonella. 
Likewise, it appeared that streptomycin 
possessed a limited suppressive effect on 
Pseudomonas aeruginosa. 

That Mycobacterium tuberculosis was 
sensitive to the action of streptomycin in 
vitro was suggested by the reports by Waks- 
man, Bugie and Schatz’ and by Schatz and 
Waksman.‘ That streptomycin exerted an 


inhibitory effect on Mycobacterium tuber- 
culosis in vivo was first reported by Feldman 
and Hinshaw.® These and other studies led 
to a rather intensive experimental and 
clinical trial of streptomycin in the treat- 
ment of tuberculosis. The results of such 
studies will be discussed in other articles in 
the present symposium. 

Further studies by the investigators at 
Rutgers University® revealed that strepto- 
mycin was effective in the treatment of 
certain experimental infections owing to 
Salmonella schoitmiilleri, Pseudomonas ae- 
ruginosa, fowl typhoid and Brucella abortus. 
Unfortunately, subsequent clinical trials 
have not proved streptomycin to be of out- 
standing value in the treatment of clinical in- 
fections due to the organisms just mentioned. 

It was evident from the in vitro and in vivo 
studies reported by one of us (Heilman)*® 
that streptomycin possessed therapeutic 
possibilities in the treatment of infections 
due to Pasteurella tularensis (tularemia) 
and infections due to organisms of the 
Friedlander group (Klebsiella). From studies 
carried out at the Mayo Clinic’ and 
elsewhere’? it was evident that streptomycin 
possessed antibacterial activity against He- 
mophilus influenzae. The studies reported 
by Hegarty, Thiele and Verwey"? indicated 
likewise that streptomycin possessed value 
in the treatment of experimental infections 
owing to Hemophilus pertussis. While 
streptomycin has been used satisfactorily in 
the treatment of clinical cases of infection 


* From the Division of Medicine and the Section on Bacteriology, Mayo Clinic, Rochester, Minn. 
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due to Hemophilus influenzae, studies on 
its possible use in pertussis have not been 
reported at the time of this writing. 
Streptomycin has been found to inhibit 
the growth zn vitro of a great number of 
microbes. In this article we are concerned 
only with those organisms which are con- 
sidered pathogenic for man. The organisms 
which at present may be considered for 
practical purposes to be sensitive and which 
are pathogenic for man are listed in Table 
1. It should be emphasized, however, that 


TABLE I 
ANTIBACTERIAL ACTION OF STREPTOMYCIN 
Organisms Sensitive to Streptomycin 
Escherichia coli 
Eberthella typhosa 
Salmonella paratyphi (some strains) 
Salmonella enteritidis (some strains) 
Shigella dysenteriae 
Proteus vulgaris 
Aerobacter aerogenes 
Pseudomonas aeruginosa (Bacillus pyocyaneus) 
Klebsiella pneumoniae 
Hemophilus influenzae 


Hemophilus pertussis 
Staphylococcus aureus (some strains) 
Mycobacterium tuberculosis 
Brucella melitensis 

Brucella abortus 

Brucella suis 

Pasteurella tularensis 

Pasteurella pestis 


the sensitivity of these organisms varies 
greatly. It should be emphasized further 
that the inclusion of an organism in this list 
does not mean that streptomycin has 
proved effective in the treatment of clinical 
infections due to that organism. For the 
purpose of the discussion the organisms 
might well be listed in two groups: (1) those 
that are rather highly sensitive and (2) 
those that are moderately sensitive. In the 
group of organisms which could be con- 
sidered rather highly sensitive are placed 
PasteureJla tularensis, Pasteurella pestis, 
Hemophilus influenzae, Hemophilus per- 
tussis, Klebsiella pneumoniae, Escherichia 
coli, Aerobacter aerogenes, Proteus vulgaris 
and Mycobacterium tuberculosis. The or- 
ganisms which could be considered only 
moderately sensitive are Eberthella typhosa, 
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Salmonella paratyphi (some strains), Sal- 
monella enteritidis (some strains), Shigella 
dysenteriae, Pseudomonas aeruginosa (Bacil- 
lus pyocyaneus), Staphylococcus aureus 
(some strains), Brucella melitensis, Brucella 
abortus and Brucella suis. 

With certain exceptions, the sensitivity of 
organisms to streptomycin as determined by 
in vitro studies can be used as an index of the 
probable effectiveness of the antibiotic in 
treatment of clinical infections. It was 
evident from even the earliest experimental 
studies that the variation in sensitivity of 
different strains of the same organisms to 
the action'of streptomycin was of consider- 
able importance from a therapeutic point 
of view. Different strains of the same 
bacterial species may vary markedly in 
their sensitivity to streptomycin. This im- 
mediately suggests the importance of testing 
the sensitivity of the strain isolated from 
the patient before and during treatment. 
This necessitates a close collaboration be- 
tween the clinician and the laboratory 
worker in the management of patients 
suffering from infections in which strepto- 
mycin may be used as a therapeutic agent. 

‘Two other important considerations should 
be mentioned in connection with the 
therapeutic use of streptomycin. One is the 
definite variation in the absorption and 
excretion of streptomycin by different pa- 
tients or by the same patient at different 
times. This variation may make the clinical 
evaluation of the antibiotic agent difficult 
at times. Second, but of no less importance, 
is the ability of certain pathogens to develop 
resistance to streptomycin. Some strains 
and species of organisms may develop 
resistance to streptomycin with incredible 
rapidity. This has been demonstrated re- 
peatedly both in vitro and in wivo. This 
observation is exceedingly important from a 
clinical standpoint. Buggs and his associ- 
ates!? have pointed out, however, the diff- 
culties which may be encountered in 
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studying this problem clinically. It is diffi- 
cult at times to determine whether or not 
the same organism is being isolated at dif- 
ferent times from a given patient. Moreover, 


organisms may develop resistance in vitro - 


but will not necessarily develop resistance 
’ in the body. From a clinical standpoint it is 
important to remember that organisms 
which easily can be made resistant to strepto- 
mycin in vitro at times may retain their sensi- 
tivity in patients although the patient has 
received repeated courses of streptomycin. 
All of the previously mentioned facts 
emphasize the importance of adequate 
laboratory methods of assay and adequate 
methods for testing bacterial sensitivity 
which will be discussed later in this paper. 
Furthermore, because of the reasons previ- 
ously stated, certain dictums have been 
adopted in the clinical use of streptomycin. 
Because of the development of resistance, 
it is essential that bacteria be eradicated as 
completely as possible in the shortest possi- 
ble time if good clinical results are to be 
obtained. This rule implies the administra- 
tion of large doses of streptomycin from the 
onset of treatment. It also calls for frequent 
recourse to the laboratory for determination 
of the sensitivity of the organism especially 
if the infection is not responding satis- 
factorily to treatment. The removal of 
foreign bodies and the eradication of foci 
by surgical means before or soon after 
treatment is begun is important. The 
presence of foreign bodies or foci favors the 
continuation of infection and thereby favors 
the possibility of the development of re- 
sistance on the part of the infecting organ- 
ism. In the treatment of infections in which 
stasis and obstruction play a réle, such as in 
infections of the urinary tract, it is important 


that these two factors be eliminated. Since 


it is known that streptomycin exerts its 
maximal antibacterial effect in the presence 
of an alkaline medium, it is suggested that 
the urine should be kept alkaline. 
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- Much has been learned concerning the ab- 
sorption, diffusion and excretion of strepto- — 
mycin. It was evident from the reports 
made by various investigators'*~?° that 
streptomycin, following its intramuscular 
Or intravenous injection, diffuses rather 
readily into most body tissues. Following 
oral administration, streptomycin cannot 
be detected in significant amounts in the 
blood stream. On the other hand, the anti- 
biotic is not destroyed in the gastrointestinal 
tract and. large portions of the material 
administered orally can be recovered from 
the feces. It exerts an antibacterial effect 
on the intestinal flora and this observation 
suggests its use when a reduction in the 
bacterial content of the bowel is desired. 

Satisfactory therapeutic concentrations of 
streptomycin will appear in the blood and 
urine following intermittent intravenous, 
intramuscular or subcutaneous administra- 
tion. Approximately 60 to 80 per cent of 
streptomycin injected is excreted by the 
kidneys and may be recovered in the urine. 
It should be pointed out, however, that 
streptomycin at times may accumulate to 
toxic levels in the blood stream of patients 
who have poor renal function. Streptomycin 
appears to diffuse into the peritoneal cavity 
in substantial amounts in the presence of 
early peritonitis. Streptomycin does not 
diffuse readily into the cerebrospinal fluid 
of normal individuals; however, therapeutic 
amounts appear to diffuse readily into the 
spinal fluid in the presence of meningitis. 
Streptomycin diffuses into the tissues of the 
eye and also appears to diffuse through the 
placenta and thereby reaches the fetal 
circulation. It does not appear to diffuse 
readily into empyema cavities. Streptomy- 
cin appears to be excreted in the bile. 
When streptomycin is introduced into the 
tracheobronchial tree by means of nebuliza- 
tion, it is not absorbed into the blood stream 
in significant amounts. 
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When streptomycin was first introduced, 
the unit of potency was defined on the basis 
of its antibacterial activity. The unit of 
potency was based on that amount of the 
material required to inhibit the growth of 
a given strain of Escherichia coli. It was 
known as the “S” unit of Waksman. 
Recently, the metric system has_ been 
adopted in connection with dosage of 
streptomycin. One microgram of pure 
streptomycin is approximately equivalent 
to 1 S unit; 1 mg. to approximately 1,000 S 
units and 1 Gm. to 1,000,000 S_ units. 
Experience at present indicates that the 
minimal daily dose of streptomycin should 
be 1 to 3 Gm. (1,000,000 to 3,000,000 S 
units). In the treatment of overwhelming 
infection, as much as 5 Gm. per day may 
be given. For intermittent intravenous or 
intramuscular injections, the total daily dose 
is dissolved in 16 cc. of physiologic saline 
solution or distilled water. An average of 
2 cc. of this solution is injected every three 
hours. In some instances, satisfactory results 
may be obtained by making larger injections 
at intervals of four or six hours. The recom- 
mended daily dose of streptomycin for oral 
administration is 2 to 4 Gm. in four divided 
doses. For intrathecal administration of 
streptomycin it is recommended that 100 
mg. of streptomycin be dissolved in 5 or 
10 cc. of physiologic saline solution. This 
quantity may be administered every twenty- 
four to forty-eight hours. For nebulization, 
the concentration recommended is, as a 
rule, 50 mg. per cc. of physiologic saline 
solution. For local application, concentra- 
tions of the drug which have been used vary 
from 10 to 100 mg. per cc. 


CLINICAL TRIALS 


In recent years streptomycin has been sub- 
jected to rather extensive clinical trials by 
a host of investigators. These trials have 
been limited, for the most part, to tubercu- 
losis, bacteremia and subacute bacterial 
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endocarditis, peritonitis, influenzal menin- 
gitis, tularemia, infections of the urinary 
tract and undulant fever. Streptomycin also 
has been used locally in the treatment of 
wounds infected with organisms known to be 
sensitive to its action. A detailed discussion 
of these results will be dealt with in separate 
articles in this symposium. Some clinical 
experiences in the use of streptomycin in a 
variety of bacterial infections treated at 
the Mayo Clinic have been reported 
elsewhere.?'~?° 


TESTS FOR SENSITIVITY OF BACTERIA TO 
THE GROWTH-INHIBITING EFFECT 
OF STREPTOMYCIN 


The activity of streptomycin in a bacterio- 
logic medium is affected by the pH and by 
the presence of cysteine, sodium thioglycol- 
late and other reducing substances. *?*~*8 In 
a medium highly favorable to bacterial 
growth more streptomycin may be required 
to inhibit growth of a given strain of bacteria 
than in a medium of deficient nutritional 
value.?**° Since streptomycin becomes less 
active if the substrate is acid or is in a re- 
duced state, tests of sensitivity should be 
carried out in mediums containing no 
fermentable sugar and adjusted toa pH close 
to neutrality, and under aerobic conditions. 

There are several methods of testing the 
sensitivity of bacteria to streptomycin. In 
one of these the test is carried out in a series 
of tubes, containing liquid medium suitable 
for growth of the organism, to which various 
amounts of the antibiotic’? have been added. 
The liquid medium in the tubes is inoculated 
with a drop of a dilute suspension in broth 
of the organism and incubated for eighteen 
hours or until good growth appears in the 
control tube. The lowest concentration of 
streptomycin which completely inhibits 
growth is recorded. Since the end point of 
growth may be difficult to determine by 
inspection, a loopful of material from each 
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of the tubes near the end point may be 
streaked on an agar plate to determine in 
which tubes growth has or has not occurred. 
Prolonged incubation may allow the devel- 
opment of resistant forms and alter the end 
point. The larger the primary bacterial 
inoculum the greater the chance that it will 
contain some of the more resistant organisms 
which are usually present in any culture. 
Because of the difficulty in determining 
the end point of growth in liquid mediums, 
in our laboratory tests for sensitivity to 
streptomycin are carried out routinely by 
streaking a dilute suspension of-the organism 
on agar plates containing various amounts of 
streptomycin. The plates are prepared from 
nutrient agar adjusted to pH 7.2 to 7.4. 
Blood agar is used for more fastidious organ- 
isms. Seven plates are prepared in which 
have been incorporated by careful mixing, 
previous to solidification of the agar, 50, 25, 
12.5, 6.25, 3.12, 1.56 and 0 units (micro- 
grams) of streptomycin per cc., respectively. 
In order that several different strains of 
bacteria may be tested on one set of plates, 
each plate is divided into several sectors by 
marking on the back with a pencil used for 
marking glass. The sectors on each plate are 
numbered. Dilute suspensions in nutrient 
broth (which contains no sugar) of the 
organisms to be tested are prepared and a 
loopful of each suspension is streaked on 
each plate over the sector assigned to that 
suspension. A suspension of a stock strain 
of staphylococci of known sensitivity is 
always streaked on one of the sectors of each 
plate. The use of this stock strain is a test 
of the proper preparation of the plates and 
is of importance since the decision as to 
whether or not a patient is to be treated with 
streptomycin often rests on the results of this 
test of sensitivity. The inoculated plates are 
incubated at 37°c. overnight or until there 
is good growth of the test strain on the con- 
trol plate containing no streptomycin. The 
lowest concentration of streptomycin which 
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completely inhibits growth of each strain 
then is recorded. 

If the plate method is used, difficulty may 
be encountered in testing the sensitivity to 
streptomycin of freshly isolated strains of 
Brucella abortus which require an in- 
creased tension of carbon dioxide. Placing 
the plates in an atmosphere of 10 per cent 
carbon dioxide lessens the activity of strepto- 
mycin in the test plates, presumably by 
lowering the pH of the medium. After 
the carbon dioxide 
requirements of such strains are decreased 
sometimes. The organism then will grow in . 
an atmosphere of 2 to 3 per cent carbon 
dioxide which concentration will not alter 
the pH of medium significantly and, there- 
fore, will not alter the results of the-test of 
sensitivity to streptomycin. 

The standard solution of streptomycin 
used in making the dilutions for the prepara- 
tion of the test plates is stable and may be 
kept in a refrigerator in a sterile corked tube 
for several weeks without significant loss of 
titer. 

Simpler methods, giving less accurate 
measurements of the degree of sensitivity 
of an organism to streptomycin, are avail- 
able. Plates seeded with the organism on 
which are placed cups filled with solutions 
containing various concentrations of strep- 
tomycin or disks of blotting paper (obtain- 
able from Schleicher and Schuell, New 
York) dipped in such solutions may be 
prepared.*' After incubation, inhibition of 
growth around the cups or disks is noted and 
compared with similar preparations on 
plates seeded with an organism of known 
sensitivity. Another method consists in dip- 
ping a disk of blotting paper in a solution 
containing 20 units of streptomycin per cc. 
and placing it on a plate of nutrient agar. 
Organisms to be tested are streaked outward 
from the periphery of the paper disk and the 
distance from the disk that growth is in- 
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hibited after incubation is an index of 
sensitivity. 


MEASUREMENT OF STREPTOMYCIN IN BODY 
FLUIDS 


Streptomycin in serum, urine or other 
body fluids is often measured by noting the 
volume of such material which must be 
added to a liquid bacteriologic medium to 
inhibit the growth of a test organism. It also 
frequently is measured by making various 


dilutions of the serum, placing these dilu- . 


tions in cups on an agar medium inoculated 
-with a test organism and after incubation 
measuring the zone of inhibition of growth 
around the cups. 

Methods of making the test by adding 
various amounts of the serum or other fluid 
to be tested to liquid mediums containing 
the test organism have been described. !*#? #8 
Such methods are somewhat more sensitive 
than the cup-plate method and simpler to 
perform. Their disadvantages are that the 
body fluid to be tested must be sterile; the 
end point of growth in liquid mediums 
is often difficult to determine; different 
amounts of body fluid may have different 
growth promoting properties for the test 
organism, and end points between the dilu- 
tion intervals used cannot be detected. 

In our laboratory, a method of using cups 
on agar plates which is similar in principle 
to that described by Stebbins and Robinson** 
is favored. This method does not accurately 
measure concentrations of streptomycin of 
less than 1 unit per cc. but since weaker 
concentrations are of doubtful therapeutic 
effectiveness, the method is sufficiently sensi- 
tive for general use. The test organism is a 
strain of Staphylococcus aureus which on 
agar gives relatively sharp margins at the 
edges of the zones of inhibition. 

The test organism is maintained in nutri- 
ent broth by daily transfer. Since growth of 
the organism for prolonged periods on broth 
_ has yielded variants which have lessened 
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the sharpness of the edges of zones of inhibi- 
tion around the cups, the series of cultures 
in broth is discarded at the end of a week 
and a new series is started from a stock agar 
slant culture which is preserved in the 
refrigerator. 

The test is carried out in a system adjusted 
to pH 8. This pH is chosen because strepto- 
mycin is more active at pH 8 than at 
neutrality. All dilutions in the test are made 
in a sterile tenth-molar pH 8 buffer, pre- 
pared from potassium phosphate (KH,PO, 
and K2HPQO,). Nutrient agar adjusted to 
pH 8 is used as the test medium. A commer- 
cial dehydrated medium with the pH al- 
ready adjusted and known as “‘Streptomycin 
Assay Agar’’ (Difco) is satisfactory for the 
purpose. To furnish a perfectly flat surface 
for the test 12 cc. of unseeded melted agar is 
placed in each of a series of Petri dishes and 
allowed to harden. A second portion of 
melted agar is cooled carefully in warm 
water to 44° to 45°c. and inoculated with a 
broth culture of staphylococci which has 
been incubated for six hours. One cc. of a 1 
in 100 dilution of this broth culture in a 
buffer solution is used for each 9 cc. of agar. 
A final dilution of 10~* of the staphylococcal 
culture is obtained. The inoculated agar is 
agitated to distribute the organisms evenly. 
With a warm, widemouthed pipette 5 cc. of 
the seeded agar is distributed over the sur- 
face of the first layer of agar on each plate 
while the plate is rotated so that the seeded 
agar forms an even layer. | 

Sterile beveled porcelain or glass cyl- 
inders, such as are used in the.assay of 
penicillin (sold under the trade name of 
penicylinders), are warmed slightly in a 
flame and placed on the surface of the 
hardened agar. ‘These cylinders should be 
just warm enough to seal the beveled surface 
in the agar. Four or five sterile cylinders are 
placed on each plate. Four or more serial 
1:1 dilutions in buffer of the samples of 


body fluids for assay are prepared, the 


AMERICAN JOURNAL OF MEDICINE 


> 


Streptomycin—Herrell, Heilman 


number of dilutions depending on the 
expected concentration of streptomycin. 
For the standard, dilutions of streptomycin 
in buffer are prepared which contain 1, 2, 3 
and 4 units per cc., respectively. Each of the 
dilutions of the test sample and standard 
is placed in a separate cup with a capillary 
pipette; each cup is nearly fied. Duplicate 
tests are set up on a separate set of plates for 
all of the samples as well as the standard. 
The Petri dishes are covered with unglazed 
porcelain tops to prevent dripping from 
condensed water and placed in the refriger- 
ator overnight to allow the material- to dif- 
fuse from the cups into the agar, Following 
this the plates are incubated for twenty- 
four hours at 30°c. Then the cups are 
removed from the plates and the diameter 
of the zones of inhibition of growth of the 
staphylococci is estimated to the nearest 
0.2 mm., preferably by means of a colony 
counter equipped with a glass plate ruled 
10 lines to the centimeter. Such_ ruled 
glass plates are available from commercial 
sources. 

The diameters of the zones from duplicate 
cups are averaged. A curve is drawn on 
arithmetic graph paper by plotting the 
diameter of the zones of inhibition of the 
cups containing the standard streptomycin 
solutions on the ordinate against the con- 
centrations in units of streptomycin per cc. 
of fluid on the abscissa. For a model, one of 
several references may be consulted.*5—*’ 
From the standard curve the concentration 
of the drug in the sample under test can be 
read by noting the concentration of strepto- 
mycin on the abscissa of the standard curve 
which corresponds on the ordinate to the 
diameter of the zone of inhibition around the 
samples. This reading should be multiplied 
by the dilution of the body fluid used in the 
cups. If sizes of the zones of two different 
dilutions of the sample fall within the range 
of the standard curve, the concentration of 
each dilution is calculated and the results 
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are averaged to give the concentration in the 
body fluid. | 

Specimens contaminated with bacteria 
may be assayed by this method. Two cc. of 
a sample is required for an assay. With assays 
of urine, if it is desired to hurry the test, 
the plates may be placed directly in the 
incubator without preliminary storage in the 
refrigerator since urine diffuses rapidly from 
the cups. Samples of the original specimen 
being assayed should be preserved in the 
cold in case the assay has to be repeated at 
higher dilutions. Disks of blotting paper 
dipped in the test fluid or measured drops of 
test fluid placed directly on the seeded 
agar are used in place of cups by some 
workers. #7 

If only an estimate of the amount of 
streptomycin is desired, the test may be 
simplified. Several cups placed on a plate of 
seeded agar are filled with various dilutions 
in saline solution of the sample to be tested 
and the plates are incubated at 30° or 37°c. 
overnight. The extent of the zones of inhibi- 
tion is a rough measure of the concentration 
of streptomycin. 
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Streptomycin in Tuberculosis’ 


H. Corwin HINnsHAw, M.D., Marjorie M. PyYLe, M.D. and 
H. FELDMAN, D.Vv.M. 
ROCHESTER, MINNESOTA 


LTHOUGH attempts to attack tuber- 
A culosis by chemotherapeutic means 
are as old as our knowledge of the 
disease, it was not until 1940 that a sub- 
stance was found capable of arresting 
tuberculosis in vivo. In that year Feldman, 
Hinshaw and Moses! reported that promin 
(sodium p,p’-diaminodiphenylsulfone-N,N’- 
didextrose sulfonate) had a striking effect 
on tuberculosis induced in guinea pigs. A 
few other drugs of the sulfone series were 
found to have a similar suppressive effect 
on experimental tuberculosis, and attempts 
to use these drugs clinically followed.* The 
results were suggestive but never fully con- 
vincing, possibly because the sulfone com- 
pounds were found to be too toxic to permit 
adequate treatment of tuberculosis of hu- 
man beings. 

From the first, streptomycin gave great 
promise as an agent capable of suppressing 
tuberculosis. In their early reports Schatz 
and Waksman* noted that a human strain 


of Mycobacterium tuberculosis was sensi- 


tive to streptomycin in vitro. Investigations 
of this antibiotic agent were begun in April, 
1944, at the Mayo Foundation with the 
methods previously developed for chemo- 
therapeutic testing in experimental tu- 
berculosis.‘ These investigations proved 
conclusively that streptomycin consistently 
would arrest and at times even apparently 
eradicate well established tuberculosis in 
the highly susceptible guinea pig.*° 

In the most severely controlled of the 
experiments, forty-nine guinea pigs were 
infected with a virulent standard human 


strain of tubercle bacilli. Forty-two days 
later results of tuberculin tests of all the 
animals were positive. On the forty-eighth 
day of infection biopsy of the liver was per- 
formed in each case and histologic evidence 
of the disease was obtained. On the forty- 
ninth day after infection twenty-five of the 
animals were treated with streptomycin. 
Treatment was continued for a total of 166 
days. Approximately 70 per cent of the 
control animals succumbed to _ infection 
within this period, whereas only 8 per cent 
ot the animals treated died. before the ex- 
periment was terminated 215 days after 
infection. 

At necropsy all control animals showed 
evidence of severe, widely disseminated tu- 
berculosis. In marked contrast, the treated 
animals showed little or no gross or micro-— 
scopic evidence of infection. In a majority 
of animals, treatment with streptomycin 
must have had a suppressive rather than a 
sterilizing effect on the infection, because 
tubercle bacilli were recovered by animal 
inoculation tests from the spleens of fifteen 
of the twenty-five treated animals. How- 
ever, in nine of the treated animals the 
sensitivity to tuberculin was reversed from 
positive to negative, and in only two of this 
group were tubercle bacilli recovered from 
the spleens by animal inoculation. Strepto- 
mycin was tolerated well by the test animals, 
and there was no histologic evidence of drug 
toxicity in any of the organs. Youmans and 
McCarter’ reported equally encouraging 
results from the treatment with strepto- 


* From the Mayo Clinic, Rochester, Minnesota. 
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mycin of mice infected experimentally with 
tuberculosis. 


CLINICAL USE OF STREPTOMYCIN * 


The clinical use of streptomycin for tuber- 
cuJosis was begun in December, 1944. In 
the last two years streptomycin has been 
used by our colleagues and us in more than 
100 cases of tuberculosis of various types. A 
preliminary report of the earlier work was 
given in September, 1945,* and more re- 
cently a more comprehensive account was 
published in collaboration with Dr. Karl 
H. Pfuetze.* At present approximately 200 
additional patients are being treated with 
streptomycin at selected institutions, under 
the auspices of the American Trudeau 
Society. In addition, a large number of 
_ patients are receiving streptomycin for tu- 
_ berculosis in other institutions. When the 
mass of data from all this investigation is 
assembled, perhaps within a few months, 
it should be possible to make a more accu- 
rate appraisal of the drug, not only in 
regard to its therapeutic efficacy in tuber- 
culosis, but also as to its toxicity and such 
factors as the effective dosage and optimal 
duration of treatment. 

In all discussions of the therapeutic possi- 
bilities of streptomycin in tuberculosis, we 
must view the situation in proper perspec- 
tive. The ability of streptomycin to suppress 
the disease is unique and at times apparently 
remarkable. The limitations of streptomycin 
are just as real. Because of certain toxic 
potentialities, its inadequacy in some clini- 
cal situations, and the expense of prolonged 
periods of treatment, the indiscriminate use 
of streptomycin in the treatment of tuber- 
culosis must be discouraged. 


* The streptomycin used in these studies was supplied 
by Merck & Co., Inc., Abbott Laboratories, and The 
Upjohn Company. From March 1 to September 1, 1946, 
all supplies were allocated through the Committee on 
Chemotherapeutics and Other Agents of the National 
Research Council, Dr. Chester S. Keefer, Chairman. 
Since September, 1946, material has been supplied by 
the Committee on Therapy of the American Trudeau 


Society. 
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Among the indications for the use of 
streptomycin in tuberculosis are all forms 
of hematogenic disease, including general- 
ized miliary tuberculosis and meningitis, 
the prognosis of which has hitherto been 
regarded as hopeless. Of twelve patients 
who had disease of this type and were 
treated with streptomycin at the Mayo 
Clinic, four are still living and have been 
observed for periods of from six to twelve 
months. Treatment of each of these four 
patients has been discontinued for from four 
to six months, and there is not any evidence 
of reactivation of the disease. Three of these 
patients who originally presented the classic 
picture of tuberculous meningitis, are ambu- 
latory and free of symptoms, although two 
of them have residual neurologic disturb- 
ances. One of these two has marked nerve 
deafness which may be a toxic effect of 
streptomycin. The other patient has symp- 
toms of cerebellar dysfunction, which are 
thought to be sequelae of the meningitis. 

In treating tuberculous meningitis it is 
imperative that streptomycin be given both 
parenterally and intrathecally and as early 
in the course of the disease as possible. ‘The 
first five patients who were given strepto- 
mycin for tuberculous meningitis at the 
Mayo Clinic received it parenterally only. 
Although four of them improved tempo- 
rarily, all eventually died.’® It is suggested 
that the drug be given by lumbar or cis- 
ternal puncture, in amounts of from 100 to 
200 mg. every twenty-four to forty-eight 
hours for from four to seven weeks or longer. 
A single dose of streptomycin is dissolved in 
8 to 10 ml. of physiologic saline solution 
and injected after the withdrawal of 10 to 
15 ml. of spinal fluid. In addition, strepto- 
mycin probably should be given parenter- 
ally for a long period. The four patients 
with tuberculous meningitis who survived 
received an average dose of 2 Gm. a day 
by parenteral administration for an un- 
interrupted period of six months. 
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The patient who has early tuberculous 
meningitis usually improves in all respects 
within one to three weeks after treatment 
with streptomycin is begun. In our more 
successful cases it has been impossible to 
demonstrate tubercle bacilli in the spinal 
fluid, either by culture or inoculation of 
guinea pigs, after six to eight weeks of treat- 
ment, although their presence was demon- 
strated prior to treatment in each case. 
There is a tendency for the spinal fluid to 
remain somewhat abnormal; for example, 
the cell count and the concentration of pro- 
tein are usually higher than normal. 

Generalized miliary tuberculosis, like- 
wise, should be treated vigorously; the 
patient should receive 2 to 3 Gm. of strep- 
tomycin daily by parenteral administration 
for several months. Striking, often almost 
complete clearing of the pulmonary lesion 
is noted in the roentgenograms within a 
month or two, but if actual healing is to 
occur, treatment must be prolonged. One 
patient in our group who had generalized 
miliary tuberculosis without meningitis re- 
ceived 2.4 Gm. of streptomycin a day for a 
period of four months. His disease has re- 
mained in a state of clinica] remission for 
three months since cessation of treatment. 
Treatment in three similar but more ad- 
vanced cases of miliary tuberculosis re- 
sulted in temporary improvement only. 

In addition to pulmonary lesions of hem- 
atogenic origin, pulmonary tuberculosis 
suitable for treatment with streptomycin 
includes recent lesions of bronchiogenic 
dissemination, exudative lesions, and in 
general all recent but rapidly progressive 
tuberculosis which is not l‘kely to be brought 
under control by the usual methods of treat- 
ment. Pulmonary tuberculosis has been 
treated satisfactorily by average daily doses 
of from t to 3 Gm., administered parenter- 
ally, for a total period of from two to six 
months. Clinical improvement, including 
decrease in fever, increase in appetite and 
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reduction in cough and expectoration, is 
noted early, often within a week or two 
after administration of streptomycin is 
begun. Improvement usually can be demon- 
strated roentgenographically within one to 
two months. Although closure of pulmonary 
cavities has been observed roentgenograph- 
ically during the period of treatment with 
streptomycin or in the ensuing months, 
Cavities more frequently remain patent, 
especially if they are thick walled. Likewise 
the findings in the sputum are changed from 
positive to negative in only approximately 50 
per cent of cases of far advanced pulmonary 
tuberculosis with extensive cavitation. 

In our experience the patient whose pul- 
monary tuberculosis has improved during 
treatment with streptomycin usually con- 
tinues to improve after this treatment is 
discontinued. In only a few cases of pul- 
monary tuberculosis has reactivation or 
extension of the disease occurred after ces- 
sation of treatment. If the tubercle bacilli 
recovered from the sputum of these patients 
are still sensitive to streptomycin in vitro, 
it is likely that the patient will respond to 
further treatment with the drug. If the 
strain has become resistant, there is less 
likelihood of repeating the earlier ther- 
apeutic result; but in some instances it has 
appeared that the resistant strains of bacilli 
were in the sputum and clinically sensitive 
strains were in the recurrent lesions. 

Use of streptomycin in pulmonary tuber- 
culosis possibly is indicated in conjunction 
with surgical procedures, such as lobectomy, 
pneumonectomy and even thoracoplasty. 
It is hoped that a preoperative course of 
the drug for one to three weeks and a post- 
operative course for two to four weeks will 
improve the patient’s condition for oper- 
ation and decrease the incidence of compli- 
cations, such as the recrudescence of foci, 
extension of the disease to new regions and 
the development of tuberculous empyema. 
It is reasonable to believe that streptomycin 


= 


432 


may make surgical intervention feasible 
more frequently in the treatment of 
tuberculosis. 

A category in which streptomycin has 
been used with notable success includes 
tuberculosis of the hypopharynx, larynx 
and tracheobronchial tree. In our series of 
ten cases of tuberculosis in these sites lesions 
have healed promptly and have shown no 
tendency to recurrence for as long as twenty 
months after completion of treatment. For 
these ulcerating lesions of the respiratory 
tract we have given streptomycin both 
parenterally and by means of nebulization. 
For nebulization 500 mg. of streptomycin 
is dissolved in 20 ml. of physiologic saline 
solution and the patient is instructed to 
nebulize 2 ml. every hour for ten hours of 
the day. Repeated bronchoscopic examina- 
tions usually have revealed that healing was 
beginning within two weeks after treatment 
was started, and often healing was complete 
within four weeks. Treatment should prob- 
ably be continued for seven or eight weeks 
or longer. It has not yet been determined 
whether either nebulization of streptomycin 
or its parenteral administration would be 
sufficient without the other method of 
treatment. 

In our experience tuberculous draining 
sinuses have responded well to treatment 
with streptomycin, even those of long dura- 
tion which were refractory to all other 
methods of treatment. These include fistu- 
lous tracts due to tuberculosis of the chest 
wall, abdominal wall and scrotum, and 
to tuberculous lymphadenitis. We have 
learned that to prevent recurrence of these 
conditions it is necessary to continue treat- 
ment for several weeks after drainage has 
ceased, with superficial healing. Strepto- 
mycin is given parenterally, and adequate 
treatment apparently consists of about 2 
Gm. a day for three or four months. 

Other forms of tuberculosis in which en- 
couraging results have been obtained with 
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streptomycin therapy in small series of cases 
include tuberculosis of the alimentary tract 
and peritoneum and tuberculosis of bones 
and joints. Results have been excellent in 
one case of previously intractable lupus vul- 
garis. In some other cases presumed to be 
cutaneous tuberculosis, improvement from 
treatment with streptomycin has been tem- 
porary or questionable. 

Streptomycin has been somewhat disap- 
pointing in the treatment of some cases of 
tuberculosis of the genitourinary tract. As 
has been reported previously,'' marked 
symptomatic improvement occurs in more 
than 50 per cent of such cases and the degree 
of tuberculous bacilluria usually is reduced 
sharply. In fact in several cases in which we 
and the urologists at the clinic collaborated 
in the treatment, the urine became free of 
Mycobacterium tuberculosis, as proved by 
culture and inoculation of guinea pigs. 
However, the tendency of tuberculous 
lesions in the kidney of human beings not 
to heal is well known and, therefore, the 
benefits of antibacterial treatment are often 
only temporary. After weeks or months of 
treatment or at varying intervals after 
treatment is discontinued, the tuberculous 
bacilluria is likely to return. The strain of 
tubercle bacilli is then usually resistant to 
streptomycin in vitro. It may be worthy of 
note that some patients continue to have 
amelioration of their symptoms, even after 
a resistant strain of Mycobacterium tuber- 
culosis appears in the urine. Because of the 
palliative effect, the possibility of arresting 
the disease in a small proportion of cases, 
and the inadequacy of other therapeutic 
measures, streptomycin is certainly worthy 
of trial in some cases of bilateral renal 
tuberculosis and in tuberculosis of a solitary 
kidney. We do not regard it as a substitute 
for surgical procedures in cases of unilateral] 
renal tuberculosis, although it may yet 
prove to be of value in the preoperative and 
postoperative treatment. 
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Among tuberculous conditions in which 
streptomycin is not indicated or in which 
the indication is less definite, we include all 
cases in which satisfactory progress is made 
on a regimen consisting of the usual 
therapeutic measures. This category would 
include most cases of minimal pulmonary 
tuberculosis. Although sometimes lesions in 
such cases heal exceedingly slowly, it is 
generally agreed that most minimal lesions 
in the lung will undergo spontaneous re- 
gression or become arrested under favorable 
conditions. In the few cases of minimal 
pulmonary lesions in which streptomycin 
has been used, it would be difficult to 
prove that streptomycin accelerated the 
healing process. Inasmuch as the toxicity of 
streptomycin is being treated as a separate 
subject in this symposium, it will not be 
discussed here except to say that the 
potential toxicity appears to be sufficient 
to deny the drug to patients who can make 
a satisfactory recovery without it. The 
danger is not sufficient to justify denying 
streptomycin to any patient who is likely 
to obtain appreciable gains from such 
treatment. 

At present we do not consider chronic 
fibrocaseous pulmonary tuberculosis suit- 
able for treatment with streptomycin unless 
there is a conspicuous component of more 
recent exudative disease. Also, our experi- 
ence has indicated that it is useless to expect 
streptomycin to be effective in obviously 
terminal cases of destructive types of pul- 
monary tuberculosis. 

Tuberculous empyema is another con- 


dition in which treatment with streptomycin 


has been disappointing, whether the drug 
is administered parenterally, intrapleurally 
or by both methods. Possibly this is due to 
the fact that purulent empyema fluid is 
usually frankly acid in reaction, whereas 
streptomycin is more effective in an alkaline 
solution. In our series of seven cases, treat- 


ment was truly successful in only one case. . 


AMERICAN JOURNAL OF MEDICINE 


433 


This patient had tuberculous empyema 
complicated by a bronchopleural fistula 
and several draining sinuses of the chest 
wall. She had been under our observation 
for four years, in the course of which she had 
undergone several surgical procedures with- 
out any improvement in her condition. She 
received 1.2 Gm. of streptomycin daily, and 
in addition a 1 per cent solution of the drug 
in physiologic saline solution was sprayed 
into the empyema cavity several times 
day. The bronchopleural fistula closed 
within three weeks, the chest: wall healed 
soon afterward, and it was impossible to 
recover Mycobacterium tuberculosis from 
the pleural fluid after three months of 
treatment. At present, ten months after 
cessation of treatment with streptomycin, 
the infection has not recurred. When tuber- 
culous empyema is refractory to other 
methods of treatment, a trial of strepto- 
mycin may be worth while. It will be 
interesting to note the experience of other 
investigators who may be able to improve 
on our methods of employing streptomycin 
in cases of tuberculous empyema. 

It must always be emphasized that treat- 
ment with streptomycin is not a substitute 
for rest in bed and sanatorium care, which 
are still fundamental in the treatment of 
tuberculosis. Nor can it be expected to 
supersede collapse therapy and other sur- 
gical procedures when these are indicated. 


REASONS FOR LIMITATIONS OF TREATMENT 
WITH STREPTOMYCIN 


The limitations of treatment with strepto- 
mycin are -due to several factors probably 
inherent in any form of antibacterial 
therapy for tuberculosis. In the first place, 
the tissue changes in this disease tend to be 
destructive and proliferative. Older lesions, ¢ 
especially, are relatively avascular and, 
therefore, difficult of access for a blood- 
borne antibacterial substance. 
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In the second place, streptomycin is 
predominantly bacteriostatic rather than 
bactericidal. Youmans’? found that of a 
total of fifty-eight human and _ bovine 
strains of tubercle bacilli, the growth of 
70.8 per cent was inhibited by less than 
1 microgram of streptomycin per milliliter 
of media. On the other hand, a concentra- 
tion of more than 50 micrograms per milli- 
liter was necessary to produce a bactericidal 
effect on the tubercle bacillus. ‘The behavior 
of the drug in vivo seems to parallel its 
activity in vitro. ‘The bacteriostatic action 
produces a limited suppressive effect on the 
disease and allows the patient to muster 
his natural defense forces. If these are 
sufficient and if the disease process is es- 
sentially curable, the ultimate result of 
treatment with streptomycin probably will 
be good. 

In the third place, the therapeutic 
potentialities of streptomycin are limited 
because the duration of bacteriostatic action 
is limited. After prolonged exposure to 
streptomycin, strains of Mycobacterium 
tuberculosis may be isolated which are 
several thousand times as resistant to the 
effects of the drug as those isolated originally. 
This problem of drug fastness appears to 
be paramount at present. The relation of 
dosage to the factor of resistance has not 
been determined, but apparently a dose 
as large as 3 Gm. a day will not prevent its 
occurrence. Fortunately, the tubercle bacil- 
lus multiplies at a leisurely rate, so that 
resistance to an antibacterial agent does 
not become a problem so soon as in the 
case of other bacteria. From data available 
at present, the period from the beginning 
of treatment to the appearance of resistant 
strains varies from one to several months. 
Sometimes a resistant strain of Mycobac- 
*terium tuberculosis may be recovered from 
a patient and subsequently strains sensitive 
to streptomycin may be recovered following 
cessation of treatment. Patients may benefit 
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from a second course of treatment with 
streptomycin for recurrent tuberculosis. 
Whether the problem of resistance to 
streptomycin can be circumvented remains 
to be seen. A second antibacterial agent is 
now being used in conjunction with strepto- 
mycin in hope of retarding or preventing 
development of resistant strains. Variations 
in dosage schedule are also being employed. 


SUMMARY 


Streptomycin is the most effective anti- 
bacterial agent known for tuberculosis. Jn 
vitro it has a marked bacteriostatic action 
on the tubercle bacillus, and in vivo it tends 
to exert a deterrent effect on the disease in 
both animals and man. Its therapeutic 
value is limited by the fact that after ex- 
posure to streptomycin for weeks or months, 
strains of Mycobacterium tuberculosis which 
are resistant to the effects of the drug may 
be isolated. Hence streptomycin is of most 
value in conditions in which temporary 
suppression of the infection will enable the 
patient to gain the ascendency over his 
disease; healing then occurs by natural 
processes. 

Prolonged arrest of the disease has been 
achieved by treatment with streptomycin 
even in cases of hematogenic tuberculosis, 
including generalized miliary tuberculosis 
and tuberculous meningitis. For these con- 
ditions large doses of streptomycin must be 
given parenterally for several months, and 
for meningitis intrathecal injections are im- 
perative also during the early weeks of 
treatment. Other types of tuberculosis 
which have responded to treatment with 
streptomycin include exudative pulmonary 
disease, ulcerating lesions of the respiratory 
tract and tuberculous draining sinuses. It 
has some place in the treatment of bilateral 
renal tuberculosis or tuberculosis of a 
solitary kidney. It also is used before and 
after thoracic surgery for pulmonary tuber- 
culosis. Because of the potential] toxicity, 
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use of the drug probably is contraindicated 
in conditions which will respond satis- 


factorily to the usual methods of treatment. ° 


Our knowledge of streptomycin is still in 
a state of flux. Now that the drug is under- 
going extensive clinical investigation in 
many institutions its ultimate place in the 
treatment of tuberculosis will be determined 
in time. Experience with this antibiotic 
agent has proved that tuberculosis is a 
disease amenable to antibacterial therapy 
and it is hoped that other usable agents will 
be forthcoming. 
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Use of Streptomycin in the Treatment of 
Bacterial Endocarditis’ 


THomas H. HunrTeErR, M.D. 
NEW YORK, NEW YORK 


ing the treatment of bacterial endo- 

carditis with streptomycin. Since the 
great majority of cases are caused by strepto- 
cocci which are sensitive to penicillin and 
can be cured by this drug, only occasional 
cases require other forms of therapy. 

The first and most obvious cases in which 
streptomycin seems to be the drug of choice 
are those in which the causative agent is a 
streptomycin-sensitive gram-negative bacil- 
lus. These organisms are almost without 
exception unaffected by penicillin, and 
many of them exhibit high resistance to 
sulfonamides. Furthermore, the latter drugs 
have been shown® to diffuse poorly into 
fibrin and probably do not reach the depths 
of vegetations readily. 

The second category of bacterial endo- 
carditis in which streptomycin therapy 
must be considered consists of the small 
fraction, perhaps 10 per cent, of cases of 
non-hemolytic streptococcus endocarditis 
in which the organism is resistant to peni- 
cillin from the start plus the still smaller 
fraction whose organism becomes resistant 
during penicillin therapy. 

Six cases falling in one or another of these 
categories have been treated with strepto- 
mycin at the Presbyterian Hospital. One 
of these has already been reported.” This 
patient, with classical bacterial endocarditis 
due to an unidentified gram-negative bacil- 


reports'’? have appeared concern- 


lus, was treated with streptomycin, 3 Gm. a 
day for ten days following an eighteen-day 
course of sulfadiazine. He has now been 
followed for seventeen months without 
clinical or bacteriological evidence of re- 
lapse. Brief summaries of the remaining 
five cases are presented. 


CASE REPORTS 


Case ul. J. B., a fifty-seven year old male, with 
no history of previous heart disease, was admitted 
to the urological service of the Presbyterian 
Hospital in January, 1946, because of an infected 
diverticulum of the urinary bladder which was 
excised on February 8, 1946. Following the 
operation he developed a swinging fever and B. 
pyocyaneus was repeatedly grown both from 
the wound and from the blood cultures. The 
course was uninfluenced by sulfadiazine and 
under observation he developed a harsh apical 
systolic murmur. The organism required 15 
micrograms of streptomycin for inhibition in 
vitro throughout. Streptomycin, 3 Gm. a day, 
0.5 Gm. every four hours intramuscularly, was 
started on February 21st and continued for 
fourteen days following which the dosage was 
increased to 4 Gm. a day for five more days. 
The patient improved clinically and, after the 
first week of therapy blood cultures were sterile, 
but he continued to have lowgrade fever. The 
day after streptomycin was stopped the tem- 
perature again rose to 103° F. and blood culture 
was positive. On March 15th, therapy was re- 
sumed, this time with 6 Gm. of streptomycin a 
day, and was continued for seven days, but fur- 


* From the Presbyterian Hospital and the Department of Medicine, Columbia University College of Physicians 


and Surgeons, New York. 


The streptomycin was provided in part by the Office of Scientific Research and Development from supplies 
assigned by the Committee on Medical Research for clinical investigations recommended by the Committee on Chemo- 
therapeutics and Other Agents of the National Research Council. 
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ther treatment was not considered advisable 
since blood cultures continued positive in the 
face of such large doses of the drug. The patient 
died on April 22nd and at autopsy was found to 
have a large friable vegetation on an otherwise 
normal mitral valve. 

Case m. T. P., a fifty-one year old Italian 
barber, was admitted to the Presbyterian 
Hospital in August, 1946, with a six months’ 
story of weight loss, night sweats and easy 
fatiguability. Though there was no history of 
rheumatic fever, he had the murmurs of mitral 
valvular disease. In addition, there were low- 
grade fever, clubbing of the fingers, and a 
palpable spleen. At first the diagnosis was in 
doubt and a complete workup for fever of un- 
known origin was essentially negative until 
finally a gram-negative bacillus grew out in 
several blood cultures. The organism has not 
been positively identified, but is not one of the 
commonly encountered groups. It grew so 
slowly that in vitro tests of sensitivity were of 
doubtful value, but it was inhibited by 1 or 2 
micrograms of streptomycin, whereas cultures 
had been positive while the patient was receiving 
1,600,000 units of penicillin daily and the organ- 
ism appeared to be resistant to this drug. 
Accordingly, he was started on streptomycin, 
3 Gm. daily, 0.5 Gm. every four hours intra- 
muscularly, and this was continued for three 
weeks during which time his temperature fell to 
normal, the blood cultures became sterile and 
have remained so to the present, two months 
after cessation of therapy. On the eighteenth 
day of therapy dizziness and unsteadiness of gait 
appeared. Vestibular tests showed a complete 
loss of response at this time, but audiograms 
showed no change. Since he showed some evi- 
dence of spinocerebellar involvement as well, a 


lumbar puncture was done, revealing normal 


findings except for a spinal fluid protein of 
80 mg. per cent. The patient’s subsequent coyrse 
has been marked by slow subjective improve- 
ment in the unsteadiness, with loss of all vertigo. 
Spinal fluid examination was repeated two 
weeks later and again showed a protein of 
75 mg. per cent. The explanation for this spinal 
fluid abnormality is not clear, but it occurred 
at a time when the patient had no signs of un- 
controlled infection and was not having evident 
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embolic phenomena. Whether or not it is con- 
nected with toxicity of streptomycin remains 
obscure. 

Case Iv. H. E., a forty-nine year old negro 
male, was admitted to the Presbyterian Hospital 
in March, 1945. Although he had no history of 
rheumatic fever there was a harsh apical sys- 
tolic murmur and he had had fever and malaise 
for four months. Blood cultures had repeatedly 
grown a hemolytic streptococcus at another 
hospital where he had received penicillin, 
200,000 units a day, plus sulfapyridine without 
even temporary sterilization of the blood stream. 
The organism recovered at this hospital proved 
to be a hemolytic streptococcus of the Lancefield 
group D which required 3 units per cc. of 
penicillin or 8 micrograms per cc. of streptomy- 
cin for inhibition of growth in vitro. During the 
next three months he received three courses of 
penicillin by constant intramuscular and intra- 
venous drip consisting of 5,000,000 units a day 
for twelve days, then 10,000,000 units a day for 


fourteen days on two occasions. In each instance 


the blood cultures were sterile during therapy 
but became positive within four or five days of 
stopping. Finally, in August, 1945, he was given 
streptomycin, 3 Gm. a day, by constant intra- 
venous and intramuscular drip for fourteen days. 
Daily blood levels of streptomycin averaged 51 
micrograms per cc. varying between extremes 
of 22 and 96. Blood cultures remained sterile 
during therapy and for four days after but on 
the seventh day were again positive. No further 
treatment was attempted because the patient’s 
general condition had deteriorated badly by 
this time. He was transferred to another hos- 
pital where he died six weeks later. No autopsy 
was performed. 

Case v._ I. H., a twenty-six year old nurse, 
with known mitral disease, was admitted to the 
Presbyterian Hospital in February, 1946, with 
an eight months’ story of chills, fever, embolic 
phenomena.and weight loss. The diagnosis of 
bacterial endocarditis had been established by 
repeated positive blood cultures at another 
hospital where she had been given intensive 
penicillin treatment over a period of two months 
with daily doses up to 2,200,000 units a day. 
In spite of this, blood cultures had been positive 
throughout. The organism proved to be a 


>. 
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Streptococcus fecalis of Lancefield group D 
which required 8 units of penicillin and 3.5 
micrograms of streptomycin in vitro for inhibi- 
tion. Since the organism appeared to be more 
susceptible zn vitro to a combination of the two 
antibiotics than to either alone, it was decided 
to give the patient 4 Gm. of streptomycin plus 
4,000,000 units of penicillin a day for four weeks. 
At first the drugs were combined in a single 
infusion of saline but on the sixth day, the pa- 
tient’s temperature spiked to 105° F. and it was 
noted that there was a precipitate in the flask. 
Subsequently, penicillin was given by constant 
drip, either intravenous or intramuscular, and 
streptomycin was injected intramuscularly every 
three hours. In the third week, she complained 
of transitory dizziness on two occasions when 
out of bed but otherwise her course was one of 
steady improvement. Blood cultures have all 
been sterile since therapy began. She has now 
been followed for ten months post-therapy and 
is leading a normal life free from evidence of 
infection. She has complained of slight unsteadi- 
ness of gait especially in the dark which has 
slowly improved. Unfortunately, it has not been 
possible to get tests of vestibular function, but 
it seems likely that these symptoms represent 
the toxic effect of streptomycin. 

Case vi. E. H., a sixty-eight year old male, 
was admitted to the Presbyterian Hospital in 
October, 1946, with a diagnosis of bacterial 
endocarditis of three months’ duration. There 
was no history of rheumatic fever but he showed 
the signs of mitral disease without evidence of 
cardiac failure. Blood cultures had been re- 
peatedly positive at another hospital and a 
Streptococcus viridans persisted in the blood 
stream during therapy with 100,000 units of 
penicillin every three hours. The organism 


proved to be an enterococcus of Lancefield 


group D requiring 1.0 unit of penicillin or 20 
micrograms of streptomycin for inhibition of 
growth in vitro. He was first given 700,000 units 
of penicillin every three hours intramuscularly 
(5,600,000 units daily) for three weeks during 
which time blood cultures were sterile and the 
patient clinically improved. Cultures became 
positive again one week later, the organism now 
requiring 1.0 unit of penicillin or 30 micrograms 
of streptomycin for inhibition. He was next 
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given 20,000,000 units of penicillin daily for 
sixteen days and again there was clinical im- 
provement. Blood cultures were sterile during 
therapy and penicillin serum levels reached as 
high as 100 units per cc. Two weeks after this 
course the patient continued afebrile and felt 
well, but blood cultures again were positive, the 
organism now requiring 10 units of penicillin or 
40 micrograms of streptomycin for in vitro in- 
hibition. Although it seemed unlikely that 
streptomycin would be effective, it was then 
administered in doses of 6 gm. daily, but since 
blood cultures continued positive in the face of 
therapy, it was abandoned after one week. The 
course subsequently was slowly downhill in 
spite of a trial on bacitracin and blood cultures 
were persistently positive. Organisms recovered 
from the blood after streptomycin administra- 
tion required more than 100 micrograms of the 
drug for inhibition of growth in vitro. At autopsy 
a large vegetation was present on the mitral 
valve; microscopic findings have not yet been 
reported. 


In summary, of our three cases due to 
gram-negative organisms, treatment with 
streptomycin appears to have effected 
cure in two patients and failed in one in- 
stance. Of the three patients infected with 
penicillin-resistant streptococci, only one 
responded to streptomycin and this pa- 
tient received large doses of penicillin in 
conjunction. 

Dr. Chester S. Keefer has kindly supplied 
us with reports on twelve additional cases 
treated at various clinics throughout the 
country under the program for clinical trial 
of streptomycin (Cases 7-18, Table 1). Five 
patients had endocarditis due to various 
types of gram-negative bacilli. Of these 
three were definite failures, one patient 
with H. influenzae endocarditis was proba- 
bly cured on streptomycin in combination 
with sulfadiazine, and one patient with 
infection due to an unidentified micro- 
aerophilic gram-negative bacillus appears to 
be well after a course of penicillin followed 
by streptomycin. The exact réle of strepto- 
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mycin in the last two cases cannot be 
definitely determined, but it probably 
contributed to the favorable results. 

In the remaining seven patients, the 
Causative organisms were gram-positive 
cocci. One patient, with a staphylococcal 
endocarditis due to an organism which was 
penicillin-resistant but sensitive to 0.4 
microgram of streptomycin, was apparently 
cured after a course of 1.5 to 3 Gm. daily 
tor twenty-eight days. Of four patients 
harboring a penicillin-resistant Strepto- 
coccus viridans, two appear to be cured. 
One patient’s organism was sensitive to 5 
micrograms of streptomycin in vitro, and he 
received 3 Gm. daily for thirty-four days. 
The second patient received 3.0 Gm. the 
first day followed by 1.0 Gm. daily for 
fifteen days; the in vitro sensitivity in this 
patient is not recorded. 

The two remaining patients had infec- 
tions caused by enterococci. In one tempo- 
rary sterilization of the blood stream was 
obtained, but the patient had a recurrence 
of infection three months later. On subse- 
quent treatment, the infection persisted 
and culminated in death in spite of the 
administration of doses up to 8 Gm. of 
streptomycin per day. In this case during 
the second course of streptomycin, the 
organism at the beginning was reported as 
sensitive to 0.2 micrograms of the drug, but 
later is said to have required seventy-five 
times as much by zn vitro test. The second 
case of enterococcus infection failed to 
respond to therapy though 3 Gm. daily 
were administered in two courses of two 
weeks each. Data on sensitivity of the 
organisms are not available. 

Combining the figures on all cases re- 
ported, of eighteen cases treated probable 
cure has been the result in eight. The réle 
of streptomycin is open to some question in 
four of these eight. The remaining ten 
cases were definite failures at the dosages 
employed. 
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It will be noted in Table 1 that seven 
patients showed the common toxic mani- 
festations of streptomycin due to vestibular 
damage, and that there is a rough correla- 
tion with total dosage and duration of 
therapy. It is probable that other cases 
would have shown damage to the eighth 
nerve had routine function tests been em- 
ployed. In only two patients was there 
definite evidence of decreased auditory 
acuity. In one of these (Case 12) it may be 
significant that there was renal damage with 
nitrogen retention at the beginning of 
therapy. The other (Case 7) may not be 
attributable to streptomycin, as symptoms 
of tinnitus and deafness are reported to have | 
been present from the onset of streptomycin 
therapy, which is an unusual time relation 
for this toxic manifestation. Other toxic 
effects noted occasionally in the series were 
rashes, fever, pain at sites of injection, 
headache and flushing, none of which were 
alarming although the patient receiving 
8 Gm. a day experienced extreme prostra- 
tion and tachycardia of such severity that 
treatment was discontinued. No patients 
in this group showed renal damage which 
could be attributed to streptomycin. 


COMMENT 


At present, it is impossible to make defi- 
nite statements as to the precise place of 
streptomycin in the treatment of bacterial 
endocarditis. Certainly penicillin is the drug 
of choice for the majority of cases. In the 
rare case in which the infecting organism 
is resistant to penicillin or in those instances 
in which maximal doses of penicillin have 
failed, streptomycin offers some hope. The 
value of in vitro tests of streptomycin-sensi- 


tivity in predicting the outcome of therapy 


cannot yet be determined but it is to be 
noted that, in the present series, treatment 
was not successful in any case in which the 
organism required more than 8 micrograms 
per cc. for in vitro inhibition of growth. 
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TABLE I 
PATIENTS WITH BACTERIAL ENDOCARDITIS TREATED WITH STREPTOMYCIN 


Infecting Organism Streptomycin Therapy 
Case Dura- 
No. Daily Dose | tion of | Total | 
Type Reeaiaion, Streptomy- | Ther- | Dose 
ity pfoc. | (Gm.) | apy | (Gm.) 
(Days) 
1. | Unidentified gram- 3.75 3 10 30 Cure Histamine-like | Also received sul- 
negative bacillus fadiazine 
2. | B. pyocyaneus 15 3-6 27 | 104 Failure Severe vestibular 
3. | Unidentified gram- 1-2 3 21 63 Cure? Vestibular 2 months follow- 
negative bacillus up 
4. | Enterococcus 8-40 3 14 42 aver- 
a 1 
5. | Enterococcus >.3 4 32 | 125 Cure Vestibular Penicillin also 
given 
6. | Enterococcus 20—-< 100 6 7 42 Organism be- 
came fast 
7. | Unidentified gram- 1-16 2.5 40 | 100 Failure Vestibular and | Temporary re- 
negative bacillus auditory, sponse, organ- 
marked ism became 
resistant 
8. | H. influenzae 1.5-2 2 10 20 ss Also penicillin 
and sulfadia- 
zine 
9. |B. aerogenes | ..... 2 7 14 Failure 
10. | Ps. aeruginosa 40 2-4 24 | 88 | Failure 
11. | Unidentified gram- 7 2.6-3.2 20 50 Cure? Vestibular Penicillin also 
negative bacillus 
12. | Staph. aureus 0.4 1.5-3 28 72 Cure Vestibular and | Penicillin sensi- 
auditory, tivity 10 units 
improving 
13. | Strep. viridans 5 2 14 28 Failure 
14. | Strep. viridans 5 3 34 | 102 Cure? Vestibular 3 months follow- 
up 
15. |Strep. viridans | ..... 3 for 1 day, 15 17 3 months follow- 
then 1 up 
16. |Strep. viridans | ..... 2 17 33 Failure 
17. | Enterococcus a) 4 4 5 20 Remission ............... Blood levels 25- 
3 months 50 © 
b) 0.2-15 1-8 28 72.5 | Failure Fever and pros- | Blood levels up 
tration on 8 to 180 
Gm. 
18. | Enterococcus  —....... 3 32 | 105 Temporary clini- 
cal improve- 
ment 


Decisions a$ to dosage and duration of 
therapy must still be made largely on the 
basis of analogy with the use of penicillin 
in this disease. Treatment should probably 
be continued for three to four weeks at a 
daily dosage of from 2 to 6 Gm. Although 


this means that one can expect almost 
uniform appearance of vestibular damage 
and probably a significant incidence of 
nerve deafness, there are obvious reasons 
for accepting these risks. In the first place, 
patients with an established diagnosis of 
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bacterial endocarditis which is not amenable 
to therapy with penicillin have a virtually 
hopeless prognosis without streptomycin. 
Secondly, large doses of streptomycin are 
recommended because of the marked tend- 
ency of bacteria to become resistant to this 
agent when exposed to it in sublethal con- 
centrations. The suggested duration of 
therapy is based mainly on experience with 
penicillin treated cases, and is therefore 
quite tentative. Though one would feel 
safer in continuing a course of streptomycin 
for three or four weeks, in individuals who 
appear to be doing well but who develop 
evidence of eighth nerve deafness after two 
weeks, it may be wise to stop at that point, 
for the acoustic damage has been shown to 
regress if the drug is promptly withdrawn. 
What will be accomplished in difficult 
cases with combinations of two or more anti- 
biotics administered together remains to 
be seen, but there are reasons for believing 
that such an approach might be fruitful. 
In cases treated with a single drug some 
therapeutic failures seem to be caused by 
the persistence of a very small number of 
the original population of organisms. These 
may be a few bacterial cells which in the 
beginning were more resistant to the anti- 
biotic than their fellows, or they may be 
cells in a temporary phase of resistance. 
In either event it seems reasonable to sup- 
pose that if they were caught in a crossfire 
of two antibiotics acting at the same time 
but in different manners, the chances of 
their survival might be lessened. Further- 
more, certain individual cells in a bacterial 
population might be able to resist the action 
of penicillin but would succumb to strepto- 
mycin, while at the same time other indi- 
viduals might do the reverse. It is important 
to note that such events could be taking 
place and not be apparent in the in vitro 
determinations of sensitivity. As usually 
performed, these tests tell one only what 
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happens to the great majority of the cells 
in a culture, and a few slow-growing indi- 
viduals could be missed. In this connection, 
it is of interest to note that in some patients 
with bacterial endocarditis in early relapse 
after the penicillin therapy, blood cultures 
had to be incubated for almost three weeks 
before growth was detectable. 


RECOMMENDATIONS 


Tentative recommendations as to the use 
of streptomycin in bacterial endocarditis 
may be stated as follows: 

1. The infecting organism should, when- 
ever possible, be isolated and its sensitivity 
to streptomycin and penicillin determined. 

2. In most cases of non-hemolytic strepto- 
coccus endocarditis, penicillin .in . large 
dosage is the drug of choice. 

3. The following varieties of bacterial 
endocarditis should be given a trial with 
streptomycin therapy: (1) Infections due 
to gram-negative bacilli; (2) infections due 
to penicillin-resistant gram-positive cocci, 
and (3) infections which have failed to 
respond to maximal penicillin therapy. 

4. Dosages of from 2 to 6 Gm. daily for 
two to four weeks should be used, depending 
on the sensitivity of the organism and the 
clinical response. 

5. It is important that large doses be 
given from the start of treatment because 
of the marked tendency of organisms to 
develop resistance to streptomycin. 

6. A high proportion of patients so 
treated must be expected to show vestibular 
damage, and a few may show nerve deafness 
as a result of streptomycin toxicity. Audio- 
metric and vestibular function tests should 
be done before therapy and at weekly inter- 
vals during treatment with streptomycin. 

7. In clinically resistant cases of endo- 
carditis caused by organisms which show 
some in vitro sensitivity to both penicillin 


> 
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and streptomycin, a course of therapy with endocarditis are considered and tentative 


both drugs together should be tried. recommendations for treatment made. 
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Streptomycin in Peritonitis’ 
A. ZINTEL, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ERITONEAL infections have always 
difficult to treat clinically. There 
can be no doubt but that the sulfona- 
mides and penicillin have been useful in the 
treatment of peritonitis, but it cannot be 
said that these agents control all peritoneal 
infections even when they are used in addi- 
tion to adequate surgery and adequate sup- 
portive therapy. Because of their limited 
antibacterial activity neither penicillin nor 
the sulfonamides would be expected to con- 
trol completely peritoneal infections of 
mixed gram-positive and gram-negative 
organisms. Also it is well recognized that 
some of the body exudates have an inhibi- 
tory effect on the sulfonamides and that the 
action of penicillin is inhibited by certain 
bacterial products. 

Streptomycin, because of its range of anti- 
bacterial activity, would appear to be an 
ideal agent with which to treat mixed peri- 
toneal infections. Streptomycin is not de- 
stroyed by body exudates nor by the action 
of bacteria or bacterial products. Pre- 
liminary clinical experience and a more 
extensive experience in the treatment of 
experimental peritonitis indicate that strep- 
tomycin is useful in the treatment of 
peritonitis. 

Keefer' reported on the treatment of 
fifty-three patients with peritonitis in his 
report of the first 1,000 patients treated with 
streptomycin under the direction of the 
Committee of Chemotherapeutics and Other 
Agents of the National Research Council. 
He points out the difficulty of evaluating the 
precise réle of any form of chemotherapy in 
the treatment of peritonitis for the reason 


that there are so many variables concerned 
in recovery from this type of infection. Of 
the fifty-three patients with peritonitis 
thirty-nine recovered. Of the twenty-one 
patients with peritonitis following appendi- 
citis three died. Of nine patients with 
peritonitis which we have treated with 
streptomycin or a combination of strepto- 
mycin and penicillin only one patient has 
died. This patient had a carcinoma of the 
sigmoid colon which ruptured several days 
before admission to the hospital. Following 
surgical drainage of the abdomen the pa- 
tient lived for forty-six days and finally 
succumbed to multiple abdominal abscesses. 
One of the abscesses communicated with the 
colon presumably at the point of the original 
perforation. Because of the difficulty of 
evaluation of the many variables in the 
treatment of peritonitis clinically, an at- 
tempt was made to determine the relative 
usefulness of streptomycin and streptomycin 
in combination with various other antibac- 
terial agents in the treatment of experi- 
mental peritonitis in animals. 

Murphy, Ravdin and Zintel? demon- 
strated that streptomycin is effective in the 
treatment of experimental peritonitis in 
dogs. Streptomycin therapy in the dosages 
used resulted in a 40 per cent greater sur- 
vival rate in the treated group than in the 
control group. Penicillin therapy according 
to the data of Fauley et al.* produced a 34.2 
per cent greater survival rate in the treated 
animals than in the control animals if the 
animals which developed fistulas were not 
excluded. Although the Fauley technic was 
used by both groups of investigators, their 


* From the Harrison Department of Surgical Research, — of Medicine, University of Pennsylvania, 
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Effect of Streptomycin and Succinyl Sulfuthiazole 
on the Number of B Coli in the Feces. 


VARIATIONS 


Log. of Organisms 


| 
BEFORE > 2 3 
TREATMENT 


A 5 6 z 6 9 
Days of Treatment 


Fic. 1. Effect of streptomycin and succinylsulfathiazole on the number of 
B. coli in the feces. 


results cannot be compared directly because 
of the discrepancy in the survival rates of the 
respective control groups, namely, 7.4 per 
cent reported by Fauley et al. and 30 per 
cent reported by Murphy et al. Bower et al.‘ 
found that 50 per cent of the animals treated 
with sulfanilamide lived whereas 91.7 per 
cent of his control animals with experi- 
mental peritonitis died. Thus in the hands of 
different investigators sulfonamides, peni- 
cillin and streptomycin have each produced 
survival rates 34 to 41.7 per cent greater 
than the respective control survival rates. 
Further experiments were designed to 
compare the effectiveness of combinations 
of the chemotherapeutic and antibiotic 
agents. Although the use of multiple agents 
in the treatment of infections has not been 
recommended in the past, there are some 
indications that may justify multiple ther- 


apy. The use of several agents with different 
ranges of antibacterial activity might well 
be considered reasonable in the treatment 
of peritonitis which is usually an infection of 
several types of gram-positive and gram- 
negative organisms. The use of such com- 
binations of agents might further be justified 
by the fact that often it is not possible to 
know the complete bacteriological picture 
of peritoneal infections and, therefore, is 
impossible to know whether a therapeutic 
response could be expected from a single 
chemotherapeutic or a single antibiotic 
agent. Furthermore, it has been shown by 
Nichols® that penicillin and streptomycin 
have a synergistic action against certain 
bacterial organisms and certain combina- 
tions of bacterial organisms. In other words, 
the actions of penicillin and streptomycin 
under given conditions are more than 
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Fic. 2. Effect of streptomycin and succinylsulfathiazole on the number of 
Streptococcus fecalis organisms in the feces. 


additive. Finally Carpenter* has shown 
that the ability of a given organism to 
develop resistance in vitro is almost abolished 
by subjecting the organism to several anti- 
bacterial agents simultaneously. 

Five groups of animals were used to com- 
pare the effectiveness of streptomycin with 
various combinations of antibacterial agents 
in the treatment of peritonitis. A more 
virulent type of peritonitis was produced in 
these animals than is produced by either the 
Bower or the Fauley technic and, therefore, 
the following figures cannot be compared 
with those cited in the preceding discussion. 
In our experiments, after ligating the blood 
supply to the appendix with silk ligatures, 
the base of the appendix was ligated with 
umbilical tape. The appendix was opened 


along its entire length. With the aid of an. 
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Allis clamp the peritoneal cavity was con- 
taminated with the appendiceal contents. 
Finally, after closing the abdominal wound, 
the dogs were given 55.0 cc. of castor oil. 
The survival rate following streptomycin 
therapy was 27.4 per cent as compared to 
the control survival rate of 6.6 per cent. 
Streptomycin alone was not as effective as 
was the combination of local sulfanilamide, 
systemic sodium sulfadiazine and systemic 
penicillin, as evidenced by a survival rate of 
40 per cent following the combined therapy.’ 
Sixty per cent of the animals survived when 
streptomycin therapy was added to the local 
sulfanilamide, systemic sodium sulfadiazine 
and systemic penicillin therapy. Thus strep- 
tomycin had an added protective effect over 
and above that afforded by the sulfonamides 
and penicillin in the dosages used. Finally, 
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Effect of Streptomycin and Succinyl Sulfathiazole 
on Number of Clostridial Organisms in Feces 
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’ Fic. 3. Effect of streptomycin and succinylsulfathiazole on number of clos- 
tridial organisms in the feces. 


the survival rate of 70 per cent in the ani- 
mals treated only with penicillin and strep- 
tomycin systemically® was greater, but not 
significantly greater, than the 60 per cent 
survival rate observed in the animals 
treated with local sulfanilamide, systemic 
sodium sulfadiazine, systemic penicillin and 
systemic streptomycin. On the basis of these 
experyments the combination of penicillin 
and streptomycin would appear to-be as 
effective as any of the other combinations of 
antibacterial agents used. 


PROPHYLACTIC STREPTOMYCIN PRIOR TO 
LARGE BOWEL SURGERY 


Streptomycin when administered by the 
oral route appears to be the most effective 
agent for reducing the relative number of 
bacterial organisms in the feces. Following 
oral administration 95 to 98 per cent of the 
streptomycin is recovered in the feces. Con- 
centrations of from 4,000 to 13,000 micro- 


grams of streptomycin per Gm. of feces are 
usually attained after the administration of 
1.0 Gm. of antibiotic daily for several days. 
Since streptomycin is not destroyed appre- 
ciably by the gastric juices, it can be 
administered, dissolved or suspended, in any 
liquid such as milk, fruit juice, etc. There 
seems to be no difference in antibacterial 
effect whether it is given in four divided 
doses every six hours or whether it is admin- 
istered in three divided doses—one with 
each meal. Oral streptomycin is more po- 
tent than succinylsulfathiazole in its effect 
on the bacterial flora of the stools. Strepto- 
mycin is not only more effective in reducing 
the number of Bacillus coli organisms, but it 
is also more effective in reducing the num- 
ber of Streptococci fecalis and Clostridial 
organisms than is succinylsulfathiazole. Al- 
though some organisms completely disap- 
pear from the stools, complete sterilization 


of the large bowel was not attained. Using 
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Streptomycin 
in Primary Resection of the Left Colon. 


1,000 000 units by mouth 
in four divided doses daily. 


Preoperative Days Postoperative Days-— > 


Fic. 4. Preoperative and postoperative effect of streptomycin in a patient who had a primary resection 
and anastomosis of the sigmoid colon. 


massive doses of streptomycin, succinyl- 
sulfathiazole and sulfaguanidine, Smith and 
Robinson’ were unable to sterilize the feces 
of rats. There is reasonable doubt that com- 
plete sterilization can be attained since 
occasional strains of bacterial organisms 
found in the feces are resistant to the action 
of streptomycin and to sulfasuxidine. 
Streptomycin was administered in doses 
of 1.0 Gm. per day to fifteen patients for 
periods of from six to ten days. Quantitative 
stool cultures were carried out by Miss 
Marjorie Wiley before treatment was started 
and at two-day intervals thereafter. By 
plating out stool suspensions on differential 
media, counts were obtained for the colli- 
form group of organisms, Streptococcus 
fecalis and Clostridia. The results were 
compared with similar data obtained by 
Lockwood and Zintel!® previously with suc- 
cinylsulfathiazole. With both drugs, occa- 
sional patients show marked deviations from 
the mean. The logarithms of the counts were 
plotted against time of drug administration 
and an average curve was drawn for each 
drug and each group of organisms. The 
relative effectiveness of succinylsulfathiazole 
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and streptomycin on Bacillus coli, Strepto- 
coccus fecalis, and the clostridial organisms 
is shown in Figures 1, 2 and 3. The figures 
used are the average of the logarithms, not 
the logarithm of the averages. Strepto- 
mycin, even in the limited dosage em- 
ployed, was much more effective than was 
succinylsulfathiazole: 

The argument in favor of the prophylactic 
use of agents to reduce the number of bac- 
terial organisms in the large bowel contents 
prior to elective surgery is largely a theoreti- 
cal one but with apparent practical impor- 
tance. The mortality rate of peritonitis 
following elective surgery of the large bowel 
at the Hospital of the University of Pennsyl- 
vania in the last three years prior to the use 
of streptomycin was but 1 per cent. Several 
thousand cases would be required to demon- 
strate a significant difference in mortality 
rate between patients who received oral 
streptomycin and those who did not. 

It is well known that in animal experi- 
ments the possibility of producing an infec- 
tion depends upon three variables: (1) the 
virulence of the organisms, (2) the resistance 
of the host, and (3) the number of bacteria 


Primary resection 
colon 
+ Out of bed Discharged 
Rs | | | 
t t 
per gram of 
BColt 44 5,200,000 & 232 000 230 
Streptococcus fc 3,160,000 3,000 100 oO 
Clostridia 36,160 768 000 60,200 51,200 


448 


present. Granted faultless surgical technic 
and supportive therapy, including chemo- 
therapy and antibiotics, the first two factors 
would be fixed for any given patient. The 
last factor, that of the number of organisms 
present, may be altered by the preoperative 
use of oral streptomycin. Regardless of 
whether an open or a so-called “‘aseptic,”’ or 
closed, method is used, some bacteria of the 
bowel content gain access to the peritoneal 
cavity during any operative procedure on 
the large bowel. In the very occasional 
patient, regardless of the operative method, 
there is gross spillage of fecal material. A 
very small percentage of patients may have 
fecal contamination secondary to necrosis of 
the tissue or leakage of the suture lines after 
operation. It seems reasonable to assume 
that the patient who has had the bacterial 
content of his fecal stream reduced approxi- 
mately 180,000 times (as in the case of 
Bacillus coli) will have a better chance of 
escaping peritonitis than the patient who 
did not have the benefit of preoperative oral 
streptomycin. 

We believe that with the aid of-the anti- 
biotic agents we are able to do a greater 
number of large bowel resections with pri- 
mary suture. Figure 4 shows the preopera- 
tive and postoperative course of a patient 
who had a resection and primary suture of 
the bowel for carcinoma of the sigmoid 
colon, who was prepared with streptomycin 
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orally and who received streptomycin and 
penicillin postoperatively. Although the 
total number of patients treated with strep- 
tomycin orally is much too small to attempt 


-to draw any conclusions, we have been im- 


pressed with the smoothness of their post- 
operative courses and the absence of 
evidences of peritoneal infection. 
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Topical Use of Streptomycin in Wounds’ 


Epwarp L. Howes, m.p. 
NEW YORK, NEW YORK 


FTER the demonstration by Florey 
and Cairns’ that the topical ap- 
plication of penicillin would not 
hasten the resolution of established infection 


in wounds, the reason for this failure was - 


sought. Penicillinase,* a powerful substance 
that destroyed penicillin, was known to be 
elaborated by and was finally isolated from 
the gram-negative bacilli. The gram- 
negative bacilli E. coli, pyocyaneus, pro- 
teus, etc., which invariably come to inhabit 
the pus of infected wounds as contaminants 
of fecal origin and with enormous capacity 
to spread, are not destroyed by penicillin. 
Their persistence, therefore, seemed to 
explain why the gram-positive bacteria 
continued to proliferate in spite of the addi- 
tion of penicillin to the wound. 

This failure of penicillin to cure by topical 
application the established localized infec- 
tion in the wound must not be confused with 
its excellent efficacy to combat wound 
cellulitis and septicemia when administered 
parenterally. 

With this background, the best approach 
to rid the wound of penicillinase seemed to 
be to destroy the gram-negative bacilli by 
using another antibacterial substance in 
conjunction with penicillin. Until this con- 
clusion was reached, however, the need for 
an antibacterial to destroy only gram-nega- 
tive bacilli had not received much attention 
although urologists had recognized the 
significance of this group of bacteria and 
had found them difficult to destroy in in- 
fections of the urological tract. In the 
“antiseptic era’ antibacterial substances 
theoretically destroyed the gram-negative 


bacilli as well as others (and also the tis- 


_ sues) and later the failure of the sulfonam- 


ides, except for sulfamylon, to act in the 
presence of pus was attributed to para- 
aminobenzoic acid and not to any substance 
elaborated by the gram-negative bacilli.‘ 
True, the sulfonamides did not destroy the 
gram-negative bacilli in mixed infections but 
an adjunct antibacterial substance was not 
sought because of the apparent uselessness 
of the sulfonamides in the presence of pus. 

Moreover, whether the gram-negative 
bacteria are really virulent or are simply 
contaminants of pus had often been dis- 
cussed. ‘They appear late in the pus and in 
spite of the fact that they finally dominate 
the flora. The granulations may grow abun- 
dantly and contraction takes place without 
interference.* Perineal wounds were pointed 
to as evidence that these micro-organisms 
did not interfere with healing. Gram- 
negative bacilli were always present in 
these wounds and yet they healed with 
bright red granulations. Some even believed 
that an enzyme secreted by the gram- 
negative bacilli, or in the inflammatory reac- 
tion to them, liquefied slough and that as 
soon as slough was liquefied the discharge 
of pus ceased. However, only one or two of 
the least common variety actually secrete 
a collagenase® so that the non-specific in- 
flammatory reaction must be responsible .- 
for this enzymatic action. 

The opponents to the thesis of the benig- 
nity of gram-negative bacilli pointed out 
that the profuse discharge produced in 
response to them depleted the serum protein 
of the patient, prevented the spread of skin 


* From the Department of Surgery, Columbia University, College of Physicians and Surgeons, New York. 
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grafts, and even liquefied grafts successfully 
transplanted.’ ‘They emphasized also that 
gram-negative infections do not clear up in 
tissues like bone which do not liquefy. 
Lastly, it cannot be denied that the exuda- 
tive phase of healing of the perineal wound 
would be shorter if a non-toxic gram-nega- 
tive antibacterial substance were used to 
prevent the initial multiplication of these 
bacteria. 

In summary then, gram-negative bacilli 
do create infections in wounds and in the 
urinary tract, although this fact did not 
receive adequate attention until after an 
antibacterial substance was available to 
destroy gram-positive bacteria without in- 
terfering with the healing of the wound. 

Before the isolation of streptomycin by 
Waksman,* no satisfactory antibacterial sub- 
stance was found to destroy the gram- 
negative bacilli. Agents like acetic acid that 
were thought to be specific only decolored 
them. Most of the antibacterial substances 
tested for this purpose were-either too toxic 
to cells and prevented wound healing or they 
destroyed penicillin. Penicillin is, of course, 
extremely sensitive to changes in environ- 
ment. Suitable agents exhibiting low cell 
toxicity were difficult to find because the 
metabolism of the gram-negative bacilli 
more closely resembles the metabolism of 
the tissue cells than does that of the gram- 
positive bacteria.’ All the common anti- 
septics except parachlorophenol failed on 
both scores and this substance was found to 
be mildly toxic to fresh tissues but not to 
granulations. Streptothrycin, first isolated 
by Waksman,'® was somewhat compatible 
with penicillin but it was definitely toxic 
to cells and interfered with wound healing.!! 

Streptomycin, on the other hand, was not 
toxic to fresh cells in concentrations of 200 
units per cc. and did not interfere with heal- 
ing of the rabbit’s ear wound.'! Granulations 
are not affected by 1,000 units of strepto- 
mycin per cc. At a concentration of 200 
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units per cc., streptomycin was bacteric- 
idal after a short period of contact with 
the bacteria, acted in the presence of pus 
and to date there is no evidence that topical 
application produces untoward side effects. 
No cases of flushing, skin rashes or tinnitus 
have been encountered following local use 
of streptomycin. Neither Brown and Hin- 
shaw’? nor Fowler and Ewing'*® have re- 
ported otic complications from the local 
application of streptomycin. In all fairness, 
however, it must be noted that streptomycin 
has not been used in such large quantities 
topically, and that most patients have 
received the drug parenterally. 


TABLE 1 
STREPTOMYCIN 200 UNITS PER CC. 10 MINUTE CONTACT 
Inhibition of growth |, 
Strain of Bacteria of bacteria in area pte 
contacted by paper this area 
++++ 
vie ++++ ++ 
B. proteus.......... + 
B. proteus.......... + 
B. proteus.......... ++++ ++++4+ 
Staph. (coagulase 
positive).......... ++++ + 4 
Staph. (coagulase 
positive).......... ++++ t++++ 
Pyocyaneus......... | +++ Spread in 0 
| from edges 
Pyocyaneus......... +++ Spread in 0 
from edges 
Pyocyaneus......... ++ Overgrown 0 
in 36 hours 
Streptococcus 
hemolytic........ 0 0 
Green streptococcus 0 0 


The bacterial spectrum of streptomycin 
includes micro-organisms other than the 
gram-negative baciHi. In fact, it is more 
inclusive than penicillin but unfortunately 
streptomycin does not have a complete 
bacterial spectrum. In our own testing, both 
the hemolytic and green streptococci were 
not destroyed by the concentrations used. 
(Table 1). Pulaski'* found that 80 per cent of 
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TABLE II 
STREPTOMYCIN SENSITIVITY OF AEROBIC BACTERIAL FLORA OF 143 SURGICAL INFECTIONS 
- 
Streptomycin units /cc. (in vitro) 8 | 16 | 32 | 64 | 128+ | Total 
Gram-negative organisms 
3; 8/10 44°23: 3 3 37 
K. pmeumoniae, type A... . 1; 4] 7 1 1 20 
K. pneumoniae, type B..... 1 1 3 23 
K. pmeumoniae, no type... . 1 1 
sb 1 5; 9; 38;22; 5| 4 1 85 
1; 1 8 53 
es 1; 5 | 37 | 89 | 62 21; 11} 20 295 
Gram-positive organisms 

Staph. albus........... he 2 1 3 
Staph. aureus, hemolytic... .. 20 | 19 |} 7} 15 1 19 91 
Staph. aureus, 2 8 
Hemolytic strep. beta, acrobic.................2045. 1 3 53.3 2 14 
Hemolytic strep. beta, microacro.................... 1 1 1 3 
Non-hemolytic strep., aerobic. ....... 7 2/12 |} 4 53 
Non-hemolytic strep., microaero. 1 1 
15; 4] 5 1 1 15 41 
eve soc 1 2 3 
dhs 50 | 31 | 19 | 34} 3 | 46 254 
51 | 36 | 56 | 83 | 120 | 92 | 31 | 14 | 66 549 


Pulaski, Edward J.: Bulletin of U. S. Army Medical Department, November, 1946. 


the bacteria tested (Table m1) were destroyed: ~* biotics should always be used for topical 
- by.32 units per cc. of streptomycin but even _applications. 
at higher concentrations some strains were Penicillin would have to be added fresh 


not affected. Hirshfeld'’® found that with 
256 units of streptomycin some strains were 
unaffected. 

Thus, if penicillin were used alone the 


gram-negative bacteria would not be de-. 


stroyed in the wound and they in turn would 
destroy penicillin; while if streptomycin 
were used alone all bacteria would not be 
destroyed and, moreover, some of the sensi- 
tive ones quickly become resistant.'* For this 
reason, and because the flora of traumatic 
and clean-contaminated wounds always 
evolves through a mixture of gram-positive 
and gram-negative bacteria, even though 
one species may come to dominate the flora 
at one time, combinations of these anti- 
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to the correct concentrations of strepto- 
mycin, however, because most varieties of 
penicillin rapidly lose potency on standing 
in solution. The solution of streptomycin is 
slightly acid, pH 5.6—6.5, and this acidity 
slowly destroys penicillin. The length of 
time that penicillin will maintain its strength 
in buffered streptomycin has not been 
determined. Because of these difficulties, 
it has been suggested that 5 per cent sulfa- 
mylon be used in place of penicillin. Am- 
pules of this mixture will keep and can be 
sterilized. Sulfamylon is about as effective 
as penicillin;* it is non-toxic at this con- 

* Penicillin is more powerful when the strains are 
susceptible. 
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centration, compatible with streptomycin, 
bactericidal and it acts quickly in the 
presence of pus. This concentration of 
sulfamylon and streptomycin encounters 
few resistant strains of bacteria. (Table m1.) 


TABLE II 
STREPTOMYCIN 200 UNITS PER CC AND MARFANIL 5% AND 
0.5% SODIUM BENZOATE 


Inhibition of 
wth of 
in Inhibition 
Strain of Bacteria zone about 
his area 
tacted by . 
paper 

- 
re ++++ +++ 
Staph. and B. coli....... ++++ +++ 
+ 
Pyocyaneus............. ++ 
Pyocyaneus............. ++++ ++ 
Hemolytic strep ......... ++++ +44 
++ 4 4 + 


Topical application of this mixture of 
antibacterials immediately places in the 
wound a higher concentration of these sub- 
stances than could be obtained by parenteral 
therapy. As a result, a higher concentration 
is obtained sooner, by osmosis, inside tissues 
separated from blood supply. Parenteral 
therapy, for example, at best yields a blood 
concentration of 36 units of streptomycin 
and 30 units of penicillin while topical ap- 
plication can puddle in 200 units of penicil- 
lin or 200 units of streptomycin and 5 per 
cent sulfamylon, all within limits that do 
not interfere with the vitality of cells. 

Tissues separated from blood supply in 
the wound always determine the issue as to 
infection. In the fresh wound, the tissue 
separated from blood supply is one of a 
triad with bacteria and foreign bodies that 
initiates infection. Although débridement 
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removes dead tissue and foreign bodies and 
is successful thereby in preventing infection, 
complete débridement cannot always be 
accomplished nor can it always be done in 
time. Therefore, topically applied anti- 
bacterial substances provide the extra safety 
factor to prevent infection. In older wounds 
the tissues separated from blood supply that 
have not sloughed determine the chronicity 
of the infection. 

The concentration of antibacterials in the 
tissues surrounding the wound differs ac- 
cording to circumstances. In the fresh 
wound, the vascular system in the surround- 
ing tissues always leaches away and dilutes 
the antibacterial applied locally after a 
certain depth of penetration into the tissues. 
This leaching is greatest and occurs on the 
surface when there are young granulations 
present in the surrounding tissue. Leaching 
is least when there is local edema in the 
surrounding tissues, as occurs shortly after 
wounding. In general, an effective bacteric- 
idal level in the surrounding tissues is best 
maintained through parenteral therapy but 
a concentration can be obtained immedi- 
ately and for a short period of time after 
wounding by injecting streptomycin and 
penicillin or sulfamylon of the correct con- 
centration without causing harm locally. 
This superconcentration helps prevent in- 
fection and initiates parenteral therapy. 

The following laboratory experiments will 
illustrate the effectiveness of this form of 
therapy. Crushed wounds were produced in 
the back of rabbits and contaminated with 
particular bacteria or with floor contamina- 
tion. All developed infections in their 
wounds and up to 25 per cent of these ani- 
mals died of septicemia. This mortality was 
reduced to zero by parenteral administration 
of penicillin and streptomycin and it was 
also reduced to zero by injecting 20 cc. of 
the mixture of streptomycin and sulfamylon 
in the tissues about the wounds after they 
were washed with the same solution. 
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Fic. 1. Infected wound; tissue crushed and 
contaminated five days before. Center is 
necrotic; profuse discharge of pus; direct smear 
made on blood plate shows many bacteria; 
wound definitely infected. 


In these wounds the therapy was more 
effective in preventing infection than in 
shortening the resolution of established in- 
fection.'* Moreover, infection was more 
easily prevented in fresh wounds than in 
those treated several hours after injury. 
Thus, infection was prevented in wounds 
treated immediately by washing and inject- 
ing the surrounding tissues with 20 cc. of 
streptomycin, 200 units per cc., and sulfa- 
mylon 5 per cent. (Figs. 1 and 2.) No 
attempt was made to débride the crushed 
tissue. 

On the contrary, when the period be- 
tween infliction of the wound and the time 
of therapy became greater than three hours, 
then the use of the mixture of antibacterials 
did not prevent infection unless the wound 
was freshened by débridement. With dé- 
bridement and local chemotherapy, infec- 
tion was prevented experimentally as late 
as forty-eight hours after wounding. The 
time limits when this combined therapy will 
no longer be effective have not been deter- 
mined. Neither has the effectiveness of 
the mixture of sulfamylon and streptomycin 
been investigated as to its capacity to decon- 
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Fic. 2. Tissue crushed and contaminated five 
days before; however, this has been treated im- 
mediately by washing with mixture of strepto- 
mycin and sulfamylon. Surrounding tissues also 
injected with 20 cc. of mixture; no débridement 
of crushed tissue was carried out; the base of 
wound is filled with bright red granulations; 
there was no discharge of pus. Direct smear 
showed only occasional bacteria. The wound 
continued to heal without evidence of infection. 


taminate wounds before delayed primary 
suture is carried out. ; 
Despite the success of the immediate use 
of this mixture of streptomycin to prevent 
infection experimentally in crushed wounds, 
no attempt should be made to treat trau- 
matic wounds with it unless the wound is 
first carefully débrided. ‘These experimental 
wounds, unlike traumatic wounds, did not 
contain foreign bodies. On the other hand, 
as has already been mentioned, because all 
injured tissue cannot always be débrided 
from traumatic wounds and because the 
procedure cannot always be carried out 
early, employment of the combination of 
streptomycin and sulfamylon or penicillin 
locally at the time of the débridement will 
definitely help to prevent infection. 
Clinically heavily contaminated opera- 
tive wounds have been washed immediately 
with this combination of antibacterials and 
infection prevented. These wounds, that 
are made clean and then contaminated, 
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contain a minimal amount of crushed tissue 
and foreign bodies, and in them the im- 
mediate use of the antibacterial combination 
corresponds to its use in experimental 
wounds. In other words, this mixture is a 
subcutaneous antiseptic—a therapeutic ideal 
that has been sort for a long time. Its topical 
use can be highly recommended in surgery 
of the large bowel and of hemorrhoids. 

Why the mixture of streptomycin and 
sulfamylon failed to work in crushed con- 
taminated wounds three hours after inflic- 
tion is interesting because the failure of 
antibacterials and antibiotics to hasten the 
resolution of the established infection has, 
in part at least, the same etiology. After 
three hours the bacteria were found to be 
just as susceptible to the action of the anti- 
bacterials; actually they were fewer in 
number and contact with them should have 
been as effective because the solution was 
injected in both instances. Fibrin’ was 
deposited in the injured tissues, of course, 
and microscopic examination disclosed that 
many of the bacteria had entered leuko- 
cytes. The latter seems to be the most im- 
portant change because the bacteria were 
now in a position where the solution could 
not reach them unless the leukocytes were 
destroyed or until the bacteria were again 
freed from the leukocytes. Bacteria freed 
from leukocytes and not destroyed would 
be capable of re-initiating infection. 

To hasten resolution of the localized 
established infection, an adjunct chemical 
substance is definitely needed to imple- 
ment the action of antibacterial substances. 
This type of infection invariably subsides 
promptly when all devitalized tissues disap- 
pear from the wounded area and it persists 
as long as these sloughs are present. Fascias 
and bone are not readily liquefied by tissue 
enzymes and their persistence accounts for 
the chronicity of infection in wounds con- 
taining sloughing fascia and in osteomyeli- 
tis. To aid in the liquefaction of fascia and 
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to explode leukocytes containing bacteria, 
as well as to limit mold growth that inhibits 
enzymatic digestion, a mixture of acid, 
glycerine and thymol has been used to clear 
the wound of puddles of pus and small 
pieces of slough that cannot be removed 
with scissors. The acid-glycerine-thymol 
combination is puddled into the wound and 
kept there for approximately three hours. 
This exposure also causes a very slight 
erythema, the granulations become bright 
red and they sometimes bleed slightly. 
The acid is then washed from the wound 
because it tends to destroy streptomycin 
and fine mesh gauze saturated with the 
combination of streptomycin and _sulfa- 
mylon or penicillin is packed into it. The 
procedure is carried out daily until the 
infection disappears. In chronically estab- 
lished local infections where bone is not 
involved, rapid resolution has been ob- 
tained. The amount of drainage decreases 
within forty-eight to sixty-four hours and 
granulations soon begin to fill the wound. 
On the other hand, when osteomyelitis is 
present, particularly if pyocyaneus is in the 
flora, only temporary improvement is ob- 
tained and then the infection continues 
although the discharge of pus is less and is 
better managed. Pulaski'* has _ likewise 
reported the failure of streptomycin to 
resolve infection in wounds complicated by 
osteitis. 

Persistent gram-negative infections in 
wounds that are not maintained by the 
presence of sloughing tissues have been 
eliminated by the local use of streptomycin. 
White,’ for example, has reported. that 
amputation stumps that would not take 
skin grafts because of the presence of gram- 
negative bacteria were, in many instances, 
cleared of infection and thereafter the 
grafts took successfully. 

Streptomycin has been used topically in 
the rectum for inflammatory disease, parti- 
cularly for ulcerative colitis. The number 
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of cases is still too few to judge the efficacy 
of this form of treatment. Faget* has re- 
ported that streptomycin applied as wet 
dressings and in an ointment has healed 
indolent ulcers on the legs of lepers. The 
nature of the proper ointment base to use 
with streptomycin for topical therapy has 
not been worked out. Such an ointment 
should be useful in treating diseases of the 
perineal region. 


SUMMARY 


1. For topical application to wounds, a 
solution of streptomycin of the proper con- 


centration should be used, not the powder.. 


Freshly wounded tissues are not damaged 
further and wounds heal without inter- 
ference when the concentration of strepto- 
mycin is at 200 units or micrograms per cc. 
Granulations are not damaged by 1,000 
units per cc. At these concentrations, 
streptomycin is the best non-toxic antibiotic 
that has been found to date for gram-nega- 
tive bacilli. 

2. Penicillin, up to 1,000 units, or sulfa- 
mylon 5 per cent should always be com- 
bined with streptomycin when it is used 
topically because streptomycin does not 
have a complete bacterial spectrum at its 
proper concentration and some suscepti- 
ble bacteria rapidly acquire resistance to 
streptomycin alone. 

3. Conversely, streptomycin should al- 
ways be used topically with penicillin 
because streptomycin kills gram-negative 
bacilli that penicillin is unable to destroy 
and these elaborate penicillinase that in 
turn destroys penicillin. 

4. Gram-negative bacilli are almost al- 
ways present at some time in the evolution 
of the bacterial flora of wounds even though 
only a single strain of bacteria may be 
isolated at one time. Gram-negative bacilli 
usually dominate the flora of chronically 

* Facet, G. H. Research in Antibiotics S 
Washington, D. C. January 31—February 1, 1947. 
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infected wounds, accounting in part for the 
failure of topical application of penicillin 
alone in this type of wound. 

5. Gram-negative bacilli definitely inter- 
fere with the healing of wounds despite 
arguments that have been advanced that 
they are mere contaminants of pus. 

6. Because of its stability, sulfamylon 5 
per cent makes a better combination with 
streptomycin than with penicillin. Sulfa- 
mylon has a wider bacterial spectrum than 
penicillin though it is not always as powerful 
and it acts rapidly in the presence of pus. 
It can be used with any form of parenteral 
therapy. This mixture encounters few re- 
sistant strains of bacteria. 

7. Topically, the solution of streptomycin 
and penicillin or sulfamylon will prevent 
infection in wounds better than it will 
hasten the resolution of established infection, 
except in certain instances in which no 
slough is present. 

8. In the presence of crushed tissue, pre- 
vention of infection can be obtained experi- 
mentally until three hours after wounding 
by washing the wound and injecting about 
20 cc. of the solution in the surrounding 
tissues. With débridement of crushed tissue, 
prevention of infection has been effected 
as late as forty-eight hours after wounding 
when the solution is employed in the same 
manner. 

9. All devitalized tissue cannot be dé- — 
brided from traumatic wounds nor can 
the process always be done in time; there- 
fore, topical application of’ the solution of 
streptomycin and penicillin or sulfamylon 
is recommended in the treatment of trau- 
matic wounds as a safety factor to prevent 
infection. 

10. The solution of streptomycin and 
penicillin or sulfamylon will decontaminate 
the clean-contaminated operative wound. 
The solution is applied topically before the 
wound is closed as one would an antiseptic | 
to the skin. 
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11. To hasten resolution of the estab- 
lished localized infection in the wound, 
adjunct chemotherapy in addition to anti- 
bacterial chemotherapy is required. This 
adjunct chemotherapy must liquefy slough 
and cause the antibacterial substances to 
penetrate and kill bacteria in slough and 
leukocytes. 

12. A mixture of acid, glycerine and 
thymol has been used for this adjunct 
chemotherapy. It is successful when slough- 
ing fascia is present but it is not successful 
in the presence of osteomyelitis. 

13. Streptomycin alone can rid wounds of 
persistent gram-negative bacilli infection 
when no slough is present in the wound. 
For example, granulations that will not 
take skin grafts because they harbor a flora 
of the gram-negative bacilli can be freed 
of these bacteria by the local application of 
streptomycin and then skin grafts will take. 

14. No otic complications have been 
observed with the low concentration of 
streptomycin used topically. However, 
topical therapy has not been used as 
frequently nor over such long periods of 
time as parenteral therapy. 
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The Present Status of Treatment for 
Influenzal Meningitis’ 


Hattie E. ALEXANDER, M.D. and GRACE LEIDY, A.B. 
NEW YORK, NEW YORK 


HERE are now available three effec- 

tive antibacterial agents for treat- 

ment of type b H. influenzae 
infections: sulfadiazine, type b H. influenzae 
rabbit antiserum and streptomycin. It is 
already evident that each one when used 
separately is limited in its curative effect in 
severe infections. On the other hand under 
certain circumstances each one can bring 
about recovery. Evaluation of the separate 
action of each has become increasingly difh- 
cult the greater the number of agents avail- 
able. This paper will present the results of 
our attempt over the past ten years to assess 
the efficiency of each of these therapeutic 
agents and the indications for their use. 


COMBINED ACTION OF SULFADIAZINE AND 
TYPE b H. INFLUENZAE RABBIT 
ANTISERUM 

At the beginning the high mortality in 
influenzal meningitis, over 90 per cent, 
justified the use of all potentially effective 
agents. The combined action of sulfona- 
mides and rabbit antiserum specific for 
type b H. influenzae* has been used at 
Babies Hospital for the treatment of menin- 
gitis since 1938. This therapeutic program 


has been simplified and made more efficient » 


by the application of certain principles. ‘The 
dose of antibody needed varies with the 
severity of infection. Therefore, some objec- 
tive criterion of severity is essential. More- 


* H. influenzae type b rabbit antiserum used in this 


study was supplied by E. R. Squibb and Sons. 


over the sufficiency of the original dose 
decided upon requires confirmation. 

1. The best index of severity of infection 
proved to be concentration of sugar in the 
spinal fluid withdrawn before treatment; 
the lower the concentration, the greater the 
severity. 

2. Heidelberger’! showed that the anti- 
body in the rabbit antiserum could be 
measured by the quantitative chemical 
method for determining agglutinin and pre- 
cipitin nitrogen. Mouse protection tests 
showed that the protective element in the 
antiserum was actually the anticarbohy- 
drate antibody which this method measured 
in mg. of antibody nitrogen per cc. Thus it 
was possible to formulate a quantitative 
approach to treatment as shown in Table 1. 

TABLE I 


SCHEDULE OF DOSAGE ON SPINAL FLUID SUGAR 
Spinal Fluid Sugar Mg. Antibody Nitrogen 


(Mg. per cent) Indicated 
15 100 
15 to 25 75 
25 to 40 50 
over 40 25 


3. This plan aimed to introduce at one 
time the amount of antibody necessary for 
recovery. Nevertheless, it was necessary to 
check its sufficiency. The capsular swelling 
capacity of the patient’s serum following 
treatment proved to be a good guide. ‘This 
test was performed daily through the period 
of activity of infection; and unless it could 
be shown that the patient’s serum contained 
an excess of free antibody sufficient to cause 


* From the Babies Hospital and the Department of Pediatrics, Columbia University College of Physicians and Surgeons, 
New York. The work reported in this communication was supported by grants from the Commonwealth Fund. 
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capsular swelling of the organisms when 
diluted 1:10, another dose of antiserum was 
administered (25 to 50 mg.). 

The therapeutic program just described 
was greatly simplified when it was learned 
that prompt recovery followed introduction 
of this antiserum by the intravenous route 
only. In a given case sodium sulfadiazine is 
introduced by the subcutaneous route in a 
_ quantity equivalent to 0.1 Gm. per Kg. as 
soon as diagnosis of type b H. influenzae is 
made. A continuous intravenous drip is set 
up immediately if there is urgent need of 
fluids and 5 per cent glucose in saline 
(approximately 30 cc. per Kg.) is adminis- 
tered over the next hour. Then the quantity 
of antibody, calculated according to Table 
1, is diluted in 10 cc. per Kg. of physiologic 
saline and added to the reservoir of con- 
tinuous drip apparatus. The speed is so 
regulated that the diluted antibody will be 
administered in two hours. The antiserum 
may be given by the intramuscular route 
when necessary; however, in our limited ex- 
perience a larger total quantity is needed 
when this route is used. Sulfadiazine is given 
orally as soon as feasible and continued for 
seven days after the first sterile spinal fluid 
is obtained. No additional serum is given 
unless the capsular swelling test shows in- 
adequate excess of antibody in the patient’s 
serum. 

When patients are treated early with the 
combined therapy of sulfadiazine and type- 
specific rabbit antibody according to the 
principles outlined,? the response has been 
so consistent that it is possible to predict not 
only the outcome but the course of re- 
covery. Even in the fulminating group in 
which the meningitis progresses so rapidly 
that the spinal fluid sugar falls to less than 
15 mg. per cent within twenty-four hours of 
onset, prompt recovery can be expected in 
all cases if sufficient antibody is adminis- 
tered in the initial dose. Actually only 80 
per cent of the ninety patients treated ac- 


cording to this regimen recovered, the 
failures being attributable to delay in diag- 
nosis and to unwarranted confidence in the 
value of sulfonamides alone. 


SULFONAMIDES 


The limitations of sulfonamides as thera- 
peutic agents in influenzal meningitis are 
now well established. Nevertheless, it is 
clear that a certain proportion of patients do 
recover on sulfonamides alone. Our own 
clinical experience suggests that this fraction 
is small and we are inclined to believe that 
the published records of isolated examples 
of cure with sulfonamides alone convey a 
false optimism as to the true efficacy of these 
agents. Over one-fourth of our patients re- 
ceived serum only after extended periods of 
unsuccessful sulfonamide therapy in other 
hospitals. Only two-thirds of this group re- 
covered when serum was added; in virtually 
all of these the infection had been kept 
under control during treatment but had not 
been eliminated, for on withdrawal of the 
drugs recrudescence occurred. This experi- 
ence led us to study the criteria for selecting 
those patients who might be expected to 
recover on sulfonamides alone, and for this 
purpose we made a comparison of the pro- 
tective value in mice of available sulfol- 
amides alone, antiserum alone and the best 
sulfonamide and serum in conjunction. The 
results established the fact that the effi- 
ciency of sulfadiazine, the most effective of 
three sulfonamides tried, was dependent 
upon the size of the bacterial population 
whether in the test tube or mouse and sug- 
gested that it might be able to cure meningi- 
tis if used early in mild infections. Whereas 
the protection with sulfonamide alone never 
exceeded 10,000 M.L.D., when serum was 
added the mice withstood 1,000,000 M.L.D.? 

These observations resulted in the adop- 
tion of certain criteria for selection of pa- 
tients who might be expected to recover on 
sulfadiazine alone. When meningitis has 
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been present for only twenty-four hours, the 
infection is judged mild, as indicated by a 
concentration of sugar in the spinal fluid of 
40 mg. or more per 100 cc., and when the 
clinical features are in keeping with this, the 
use of sulfadiazine alone is justified initially. 
If in vitro tests indicate usual sensitivity of 
strain, it is believed that the drug alone may 
be continued without risk, provided clinical 
improvement ensues and provided the spinal 
fluid shows the infection to be under con- 
trol, with cultures sterile forty-eight hours 
after the start of chemotherapy. A minimum 
of two weeks of such treatment is essential 
for elimination of infection. It is of interest 
that during a period when approximately 
thirty patients were treated only two ful- 
filled the criteria which justified the use of 
sulfonamides alone. Reports of visiting 
physicians from Europe indicate that the 
present mortality rate there in influenzal 
meningitis is 75 per cent; sulfonamides are 
the only available therapeutic agents. 


TABLE 
SUMMARY OF PROTECTIVE POWER OF THERAPEUTIC AGENTS 
IN MICE 
Protection 
Therapeutic Agent 
No. of 
M.L.D. Mice 
Sulfanilamide................ 500 | 120 
9,250 | 280 
Type b rabbit antiscrum....... 28,875 | 625 
Sulfadiazine + serum......... 1,000,000 | 270 
Streptomycin. 100,000,000 | 200 


It must be emphasized that these thera- 
peutic recommendations refer only to men- 
ingitis. Experience with the other varieties 
of severe infections caused by H. influenzae, 
pneumonia, obstructive infections of the 
respiratory tract, arthritis, etc., is much less 
extensive but certain facts are clear. Sul- 
fadiazine alone constitutes an_ effective 
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treatment for H. influenzae pneumonia in 
older children. The characteristic clinical 
syndrome of H. influenzae epiglottitis, 
causing respiratory obstruction, responds 
promptly to sulfadiazine alone in the major- 
ity of patients after tracheotomy.* When H. 
influenzae produces pyarthrosis and osteo- 
myelitis, the possibility of injury to epiphysis 
and cartilage is so great that treatment 
should aim for the most rapid termination of 
infection. This is best accomplished by the 
simultaneous use of all effective therapeutic 
agents. 


STREPTOMYCIN 


The demonstration by Waksman® and 
other investigators® of the antibacterial ac- 
tion of streptomycin on other gram-negative 
bacilli naturally led to its trial against H. 
influenzae. Investigations were carried out 
first in the laboratory.”*® Jn vitro sensitivity 
of a number of strains was studied by de- 
termining the lowest concentrations of 
streptomycin which when incorporated in 
Levinthal agar could completely prevent 
growth of inocula averaging 700 million 
organisms after an incubation period of 
forty-eight hours. All strains tested before 
exposure to streptomycin were completely 
prevented from growing by 7.5 units per cc. 
save for one or two colonies which grew in 
some tests on an occasional strain on 10 and 
13 units per cc.** Jn vivo the sensitivity was 
also very great. A single dose of 20 to 80 
units per mouse protected mice regularly 
against more than 1,000,000 M.L.D. (mini- 
mal lethal doses); larger doses were effective 
against 100,000,000 M.L.D. Table 1 lists 
for comparison the protective values of the 
various available therapeutic agents. It is 
seen that streptomycin’s protective power 
exceeds that of any other single agent and 
even the combined action of specific rabbit 
antibody and sulfadiazine. It has been 
demonstrated that streptomycin actually ex- 
erts a rapid lethal action on H. influenzae.’° 
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After demonstrating the rapid lethal in- 
jury resulting from the action of streptomy- 
cin on type b H. influenzae, zn vitro and in 
the mouse, we were naturally led to explore 
its therapeutic value in influenzal meningi- 
tis. Investigation of the separate action of 
streptomycin in these patients was difficult 
for two reasons; first, because most of the 
patients had already received sulfonamides 
for a period long enough to reduce the bac- 
terial population, and also because there 
was already available a treatment which had 
been shown to be capable of curing virtually 
100 per cent of the patients when applied 
according to certain principles in the first 
few days of the disease. I refer to the com- 
bined action of type specific rabbit anti- 
serum and sulfadiazine. Nevertheless, this 
trial was considered necessary because if 
found equally effective, streptomycin could 
be expected to possess certain advantages 
over the earlier therapeutic program. Serum 
sickness could be eliminated. Streptomycin 
has been shown to be active against all six 
types of encapsulated H. influenzae as well 
as the non-encapsulated, non-typable vari- 
ety of this organism which occasionally 
causes subacute bacterial endocarditis in 
adults and meningitis in very young infants. 
This is true of sulfadiazine also but type b 
H. influenzae antiserum, the only thera- 
peutic serum available at present, is effec- 
tive only against type b. However, over 95 
per cent of all serious infections caused by 
the group are due to type b. 

Schedule and Dosage. Using the dose pre- 
viously found safe in adults and in a few 
children treated at Babies Hospital, 20,000 
units per pound or 44,000 units per Kg. 
each twenty-four hours, blood concentra- 
tions were determined during two methods 
of intramuscular administration, by con- 
tinuous drip and by injections at intervals 
of three hours. The range of concentrations 
found is listed in Table 1; it is seen that 
they are sufficient for prevention of growth 
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of inocula averaging 700 million organisms 
if the results obtained in vitro can be applied 
to the influence of streptomycin on bacteria 
in the patient. With the exception of the 
cases reported" all patients have been 
treated by interrupted intramuscular injec- 
tions at three-hour intervals. The experience 
Taste m 
VARIATION IN CONCENTRATION OF STREPTOMYCIN BLOOD 


AND SPINAL. FLUID COMPARED WITH MINIMAL 
EFFECTIVE CONCENTRATION 


Concentrations of | Dose and Route of 
Streptomycin Units | Streptomycin 
per cc. Units in 1,000's M.E.C.! 
Case —— Units 
Fact per cc. 
Blood* | SPimal 24 | LT 
Fluid f Hours 
1 | 8.9-30.6) 9.1-20.4\C.D.| 20,0003) 50 2.7 
q3h | 20,000 | 25 2.6 
3 | 4.2— 8.5) 5.1-11.5)q3h/ 20,000 | 25 4.9 
4 20,000 | 25 1.6 
5 | 6.2-14.6 6.2— 6.0\q3h/| 20,000 | 50 2.8 
6 | 5.5-14.5) 5.0-28.0)q3h | 20,000 | 25 2.8 
7 | 3.3- 6.5) 8.5- q3h | 20,000 | 25 4.4 
8 | 7.3-22.0| 4.9-16.3\q3h | 20,000 | 30 7.5 
10 | 5.8-12.2) 5.1-12.1'C.D. 20,000 | 50 2.5 
11 | 9.3-10.5| 9.3— q3h 20,000 | 25 1.6 
12 | 7.5— 9.8)11.1- q7h | 20,000 | 25 4.4 


* Specimen collected at random when intramuscular 
dose was given by continuous intramuscular drip. When 
streptomycin was given every three hours the blood was 
withdrawn three hours after the last dose. 

t Spinal fluid concentrations represent those found 
twenty-four hours after intrathecal dose listed. 

I.M., intramuscular; I.T., intrathecal; M.E.C. mini- 
mal effective concentration; C.D., continuous intra- 
muscular drip; q3h, every three hours. 

¢ Units per pound (0.5 Kg.). 

!M.E.C., minimal effective concentration of strepto- 
mycin necessary to completely prevent growth on Levin- 
thal agar in forty-eight hours when inoculum represents 
loop from growth on Levinthal agar after six hours’ 
incubation. 
of other investigators and our own agree 
that in meningitis streptomycin must be 
administered intrathecally; the concentra- 
tions present in the spinal fluid after intra- 
muscular use are not adequate. A dose 
varying from 25,000 to 50,000 units has been 
introduced daily into the lumbar subarach- 
noid space. More recently, the first two 
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intrathecal doses have been given at twelve- 
hour intervals and 25,000 units have been 
used as the intrathecal dose in children 
under three years. There is ample evidence 
that four to five days of this treatment is 
sufficient. What streptomycin has failed to 
accomplish by this time will not be likely to 
occur after longer periods. If the culture 
continues to grow, the addition of other 
therapeutic agents is indicated. The occur- 
rence of eighth nerve deafness and labyrinth 
dysfunction in a significant number of pa- 
tients treated for periods longer than one 
week makes it a serious responsibility to 
reduce treatment to a minimum. 

During the past two years three different 
therapeutic programs have been used. The 
changes have resulted from clinical experi- 
ence as well as experimental results on the 
action of streptomycin on type b H. 
influenzae. 

Results of Treatment. In the first twelve 
patients, treated according to our first pro- 
gram, streptomycin was used as the only 
therapeutic agent after admission to Babies 
Hospital unless it became evident from the 
poor response that amplification of this 
treatment was indicated. However, all pa- 
tients with the exception of No. 12 had 
previously received sulfadiazine. All of the 
patients received streptomycin alone either 
throughout the period of treatment or for 
four days before the addition of other agents. 
From analysis of this group it is evident that 
recovery was prompt in the eight patients in 
whom the infection was mild or moderately 
severe, as judged by the concentration of 
sugar in the spinal fluid before treatment, as 
well as by clinical signs. On the other hand 
those with severe meningitis were not cured 
with streptomycin. 

In three of these patients in whom strepto- 
mycin failed physical signs of chronic 
meningitis were present, and the concentra- 
tions of sugar in the spinal fluid were below 
15 mg. per 100 cc. The prognosis for com- 
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plete recovery would be uncertain under 
any known treatment regimen. The disease 
of the fourth patient (case 12) in this group 
ran a fulminating course, since he was re- 
ported to have been up and well twenty-four 
hours prior to the institution of streptomycin 
therapy. On admission he was in a semi- 
comatose state and the level of sugar in his 
spinal fluid was only 6 mg. per cent. In our 
experience, such a patient could be expected 
to recover promptly under treatment with 
rabbit antiserum and sulfadiazine in ade- 
quate quantities. In two of these patients 
the unsatisfactory response led to the addi- 
tion of type specific antiserum after four 
days of streptomycin treatment. In only one 
of these, case 12, was H. influenzae culti- 
vated from the spinal fluid at the time anti- 
serum was added, but in the other the 
worsening of the clinical condition and per- 
sistence of a low concentration of sugar in 
the spinal fluid demanded the use of addi- 
tional therapy. In case 12, in which 
infection was early, H. influenzae was grown 
from all specimens of spinal fluid withdrawn 
during streptomycin administration. The 
organism cultivated from the spinal fluid 
twenty-four hours after the initiation of 
treatment with this antibiotic was found to 
be resistant to 1,000 units of streptomycin 
per cc.; 100 per cent of the bacterial popula- 
tion showed this degree of resistance. After 
the addition of antiserum and sulfadiazine, 
recovery was prompt and complete. The 
other patient, who received antiserum and 
sulfadiazine after four days of streptomycin 
therapy, exhibited evidence of serious cere- 
bral damage. The two patients who were 
treated with streptomycin without addi- 
tional therapy succumbed to the infection. 
In one the infection continued because the 
organisms which persisted were resistant to 
streptomycin. The other patient appeared 
to be improving by clinical standards; the 
spinal fluid became sterile and its chemical 
constituents normal. At necropsy a large 
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subarachnoid abscess containing H. in- 
fluenzae was found. 

The failure of streptomycin alone to cure 
any of the four patients with severe meningi- 
tis led to the second change in our thera- 
peutic program. Only patients with initial 
spinal fluid sugar concentrations signifi- 
cantly above 15 mg. per cent were to receive 
streptomycin alone; those with concentra- 
tions at or below this level would receive all 
three therapeutic agents, streptomycin, sul- 
fadiazine and specific rabbit antiserum 
initially. This therapeutic program has 
proved successful. 

Table tv summarizes our results, already 
reported, of treatment* of the first twenty- 
five patients.'' In twelve patients already 
discussed the first therapeutic program was 
followed and in subsequent severe infections 
plan two was instituted. A larger experience 
continues to show prompt and complete 
recovery following use of streptomycin alone 
in those patients whose original spinal fluid 
sugar concentrations are significantly above 
15 mg. per cent. 


TABLE IV 
SUMMARY OF TREATMENT OF TWENTY-FIVE PATIENTS 
S.M. 
Serum | | s.M. 
S.M. | after 4 poee-w’ Serum 
Alone | Days of Sulfa 
No Patients Severity S.M. Serum Initially 
Treated of Infection and 
Sulfa 
sip 
13 Mild or average |12)../..]..}../..j) 1 
8 Severe chronic 2]..] 2)..] 1) 1) 1} 1 
S.M. = Streptomycin ToralR S D 
R = Recovered 193 3 
S = Survived 
D = Died 


Origin and Nature of Resistant Type b H. 
Influenzae to Streptomycin. The proof that 
emergence of resistance of the strain was the 
cause of failure in two of these patients and 


* The streptomycin used for treatment of patients and 
experimental studies was supplied by E. R. Squibb and 
Sons. 
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in one patient with epiglottitis and bac- 
teremia due to this organism, led to a study 
of the mechanism of resistance. 

In order to explain these failures the 
strains isolated before streptomycin therapy 
from ten of these patients, treated according 
to first therapeutic program, were studied 
for evidence of fundamental differences be- 
tween the group from patients in whom 
streptomycin failed and those from the pa- 
tients who were promptly cured. In addition 
experiments were designed to determine the 
origin and nature of the resistant organisms 
which made up either 100 per cent or an 
appreciable part of the population grown 
from three of these patients during unsuc- 
cessful streptomycin therapy. 

The routine in vitro sensitivity tests, which 
examined populations varying approxi- 
mately from 1 million to 1,700 million 
organisms, failed to reveal a significant dif- 
ference among the strains isolated from these 
ten patients prior to streptomycin treatment. 
Moreover infections produced in mice with 
the original strains, which later became re- 
sistant in patients during streptomycin 
treatment, exhibited marked sensitivity to 
streptomycin action. While neither the 
standard in vitro sensitivity test nor the 
mouse test applied to the cultures isolated 
before treatment of the patients with strep- 
tomycin could detect a difference between 
the strains from cases in which streptomycin 
was promptly effective and those from pa- 
tients in whom resistance of the strain 
developed, when these procedures were ap- 
plied to the same strains which continued 
to grow from the spinal fluid after treatment, 
they served as a good index of efficiency of 
treatment. Growth was easily demonstrable 
in 1,000 units of streptomycin per cc. and it 
was impossible to protect mice against such 
modified strains with doses as high as 5,000 
units per mouse. 

Therefore, enormous populations of each 
of the ten strains (142 to 522 billion) were 
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examined by a procedure which could 
demonstrate the presence, even in very small 
numbers, of organisms resistant to 1,000 
units of streptomycin per cc. Certain factors 
learned from patients in whom streptomycin 
failed directed us to this approach. When 
emergence of resistance of the strain was re- 
sponsible for therapeutic failure a relatively 
small inoculum of the culture from the spinal 
fluid grew on Levinthal agar containing 
1,000 units per cc. of streptomycin. In one 
patient 100 per cent of the population of the 
culture grown from the spinal fluid with- 
drawn twenty-four hours after beginning 
streptomycin therapy, showed resistance to 
1,000 units per cc. This concentration was so 
rapidly bactericidal for sensitive organisms 
in vitro that it was possible to examine 15 to 
30 billion organisms in each pour plate of 
Levinthal agar containing 1,000 units of 
streptomycin per cc. without inhibiting 
growth of the resistant organisms as a result 
of accumulation of end products of bacterial 
metabolism; sensitive organisms were killed 
before they had a chance to reproduce. All 
colonies growing under these circumstances 
were resistant to 1,000 units of streptomycin 
per cc. The details of the test have been re- 
ported.*® Table v lists the results of the ten 
strains. 

Strains, 1, 2 and 3 were isolated from pa- 
tients in whom streptomycin therapy failed 
because of emergence of resistance of the 
strain. The organisms grown from these pa- 
tients before streptomycin therapy were 
sensitive according to conventional meth- 
ods, whereas after a period of treatment of 
one, twenty-one, and three days, respec- 
tively, they grew in a concentration of 
streptomycin of 1,000 units per cc. Strain 4 
was cultivated from a patient who improved 
at first and whose spinal fluid became sterile 
and normal by all standards but who died 
from pressure changes secondary to a large 
subdural abscess. The other six strains were 


grown from spinal fluid of patients who were 
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cured promptly by streptomycin. Again it 
should be emphasized that the tests de- 
scribed were applied in all instances to 
cultures isolated from patients before the 
start of streptomycin therapy. 


TABLE V 
INCIDENCE OF RESISTANT SURVIVALS IN LARGE BACTERIAL 
POPULATIONS SEEDED IN LEVINTHAL AGAR CONTAINING 
1,000 UNITS OF STREPTOMYCIN PER CC. 


Pati- 

ent Clinical 

and Results 
Strain 


1:6.7 billion | Failure 
1:6.2 billion | Failure 
1:11.5 billion | Failure 
1:13.2 billion | Failure 
1:12.6 billion | Recovered 
1:1.1 billion | Recovered 
1:10.4 billion | Recovered 
1:1.5 billion | Recovered 
1:13.8 billion | Recovered 
1:7.7 billion | Recovered 
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* Ratio of resistant colonies to total population 
cultures. 


It is seen that all ten cultures studied be- 
fore exposure to streptomycin contain a 
minute fraction of members (expressed by 
the ratios in the column “Incidence of Re- 
sistant Colonies”) which can grow in the 
presence of 1,000 units per cc. of the anti- 
biotic. These ratios seem to bear no relation- 
ship to the tendency exhibited by a strain 
to emerge resistant during treatment of 
the patient. In fact, ‘two of the strains, 
Nos. 6 and 8, cultivated from patients 
in whom streptomycin was promptly suc- 
cessful in eliminating the infection, showed 
a greater prevalence of resistant members 
than those which later emerged resistant 
during treatment. 

The results demonstrate that the emer- 
gence of resistance is a selective process; the 
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sensitive members are killed, permitting 
the resistant organisms to declare them- 
selves. When patients are treated according 
to the program described the size of the 
bacterial population is the most important 
single factor among those which determine 
the potentialities of a strain to exhibit this 
degree of resistance during treatment of a 
patient or in the test tube. However, when 
streptomycin is administered only by the 
intramuscular route, relatively small popu- 
lations in the spinal fluid, when exposed to 
the low concentrations of streptomycin 
which are present in spinal fluid, will ex- 
hibit resistance of a significant but lesser 
degree. | 

These resistant variants apparently pres- 
ent in large populations of all sensitive 
strains of H. influenzae have been proven 
to originate from mutations.'* Therefore, 
we can expect the continuous random occur- 
rence of resistant mutants in patients if the 
disease is sufficiently severe or, in other 
words, if the bacterial population is large 
enough. The rate of occurrence of the re- 
sistant mutants did not differ significantly 
among the ten strains.‘ Therefore, the 
emergence of resistance of the strains in the 
three patients in whom streptomycin failed, 
cannot be explained on a greater frequency 
of occurrence of mutations. The resistant 
trait is transmitted unchanged in degree 
through many generations. Therefore, the 
appearance of a few mutants in a patient 
during treatment can lead to a serious infec- 
tion which is uninfluenced by streptomycin. 
Moreover the persistence of resistant organ- 
isms in the nasopharynx of patients whose 
strains emerged resistant during streptomy- 
cin treatment constitutes a significant public 
health problem. In streptomycin- 
treated patient followed at intervals for one 
year after recovery from meningitis all of 
the cultures of H. influenzae isolated from 
his nasopharynx showed resistance to 1,000 
units of streptomycin per cc. 
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A fraction of the mutants which are re- 
sistant to streptomycin exhibit nutritional 
requirements different from the parent 
strain. There are even different nutritional 
needs among members of this minority. The 


results suggest that some may differ so 


greatly from the parent strain that normal 
Levinthal agar, an ideal medium for the 
majority group, is inadequate for their 
growth. This raises the question whether 
our failure to grow organisms from some 
patients is explained on a nutritional basis. 
Three patients with severe meningitis treated 
with streptomycin alone failed to improve 
clinically, the concentration of sugar in the 
spinal fluid remained low and in one a large 
number of gram-negative bacilli were seen 
on stained smear, but the cultures showed 
no growth. Following the institution of rab- 
bit antiserum and sulfadiazine recovery was 
prompt. 

It is of great significance therapeutically 
that the mutants, resistant to streptomycin, '* 
are in general sensitive to sulfadiazine. As a 
result of this evidence our third therapeutic 
policy was instituted. Except for infants 
under six or seven months of age, patients 
with signs of severe meningitis are now 
treated with sulfadiazine and streptomycin. 
Those with milder disease will continue to 
receive streptomycin alone; the young in- 
fants with severe meningitis will receive all 
three therapeutic agents, streptomycin, sul- 
fadiazine and specific rabbit antiserum. 
Three patients with manifestations of severe 
meningitis have been successfully treated 
with sulfadiazine and streptomycin used 
simultaneously from the beginning. 


SUMMARY 


A larger experience and more time for 
long term evaluation of physical and mental 
development are needed before final state- 
ments can be made concerning the results of 
treatment of H. influenzae infections. Cer- 


: tain facts are evident, however. 
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In patients in whom the infection is mild 
or moderately severe, according to the 
criteria previously described, either strepto- 
mycin alone or sulfadiazine in conjunction 
with specific rabbit antiserum can be ex- 
pected to cure 100 per cent of them. A small 
fraction can be cured by sulfadiazine alone. 

When manifestions of severe infection 
are present in patients in whom it is evident 
from the history that the onset of the menin- 
gitis can be dated within a few days, the 
results suggest that a choice may be made 
between two therapeutic programs, the 
combined action of sulfadiazine with either 
streptomycin or type b H. influenzae anti- 
serum. Experience with the latter regimen 
is so extensive that one can predict complete 
recovery in virtually 100 per cent of these 
patients. The use of the former program, 
simultaneous use of sulfadiazine and strepto- 
mycin, is still too limited to recommend it 
with assurance in this group, though its 
success is anticipated. Patients whose infec- 
tions have progressed to the severe state 
despite the use of sulfonamides cannot be 
_ considered suitable cases for treatment with 
sulfadiazine in conjunction with streptomy- 
cin; the presence of sulfadiazine resistant H. 
influenzae in significant numbers may pre- 
vent these agents from eliminating the 
meningeal infection. Moreover a longer 
period of study on the toxic effect of strepto- 
mycin on the central nervous system is 
necessary before it can be recommended as 
the treatment of choice for this group even 
if it proves to be equally effective. 

Those patients with severe meningitis and 
a history which suggests that uncontrolled 
meningitis has been present for a week or 
more or who show signs of chronic meningi- 
tis with or without manifestations of localized 
cerebral injury should receive sulfadiazine, 
streptomycin and specific rabbit antiserum 
simultaneously. The latter program can be 


expected to reduce the risk of failure to a - 


minimum since it combines the action of 
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three antibacterial agents which exert their 
destructive influences through three differ- 
ent mechanisms. Members of the population 
resistant to one can be attacked by another 
or both the others. The difficulty in deter- 
mining the time of onset of meningitis in 
young infants under seven months of age, 
because of failure of these infants to exhibit 
signs of meningeal ‘infection until several 
days after onset, together with the still high 
mortality rate in this group, have led us to 
recommend the use of sulfadiazine, strepto- 
mycin and specific rabbit serum initially for 
these infants. It is in this severest group that 
the addition of streptomycin to sulfadiazine 
and specific antiserum can be expected to 
reduce the 20 per cent mortality which re- 
sulted from the combined use of the last two 
agents. 

The use of streptomycin alone or in con- 
junction with sulfadiazine is justifiable only 
when laboratory facilities permit evaluation 
of severity of infection and progress of re- 
covery. The need for bacteriologic methods 
which can detect small numbers of viable 
organisms and evaluate sensitivity of any 
culture grown from the spinal fluid, is of 
paramount importance. 
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Treatment of Tularemia with Streptomycin’ 


LEE FosHAy, M.D. 
CINCINNATI, OHIO 


TREPTOMYCIN approximates the ideal 
therapeutic agent for tularemia. 
Multiplication of Bacterium tularense 

is prevented by a drug concentration of 
0.4 microgram per cc., and the average 
virulent strain js killed in mtro by exposures 
to concentrations of 0.4 ~/cc. for two hours, 
of 1 y/cc. for thirty minutes, and of 2 y/cc. 
for eight minutes.* This high degree of sen- 
sitivity of the causative agent to the anti- 
biotic permits effective therapy of the 
experimental disease caused by 10 to 100 
multiples of the MLD in totally non-resist- 
ant rodents. In addition to Heilman’s' re- 
port there are other excellent, and somewhat 
more quantitative, studies on streptomycin 
therapy of the experimental disease, per- 
formed during the war, that are either un- 
published at this time or available only in 
abstract. This is unfortunate, for only those 
who are familiar with these or similar data 
can realize how little streptomycin is re- 
quired to prevent certain death in highly 
susceptible and wholly non-resistant animals. 

Single doses of 10 y/Gm. body weight 
protected 92 per cent of mice against 
simultaneous challenge with 15 to 20 MLD 
of a strain of maximal virulence. When 
therapy was delayed for seventy-two hours 
after this challenge dose the minimal quan- 
tity which effected 80 per cent survival 
was 10 /Gm. every three hours for ten 
days.* For comparison, a calculation from 
data presented in Heilman’s first protection 
test shows that approximately 7 y/Gm. 
every three hours for ten days protected 
all of fifteen mice when therapy was de- 


layed for seven hours after challenge with 
32 LDs5»o doses. In other work the total ED5, 
dose (median effective dose, sparing 50 per 
cent of all animals) administered in four 
equal portions every two hours, the first 
portion at time of challenge with 50 LDs5o 
doses of the same virulent strain, averaged 
350 for the 20 Gm. mouse, or 17 y/Gm.? 

The implications in the above, and in 
other similar data, seem reasonably clear 
that streptomycin therapy of tularemia in 
man should be at least as effective, if not 
more so, at equivalent concentrations and 
administrative periods than it is in mice, 
hamsters, and guinea pigs whose recoveries 
are solely dependent upon streptomycin 
alone, for the average human develops so 
great a degree of natural resistance after 
infection that clinical and histologic aspects 
of the disease soon exhibit subacuteness and 
chronicity, and the mortality rate is char- 
acteristically low, averaging about 6 per 
cent. The purpose here is to learn by ex- 
amination of available clinical data how 
well the early collective experience has kept 
pace with expectations. 

Quantitative information about the re- 
sults of therapy was obtained from thirty- 
seven patients, including one that died, 
giving a fatality rate of 2.7 per cent for 
the series. The items of importance in the 
composition of the group are an average 
age of thirty-six with extremes of ten and 
seventy-nine, and nine individuals of fifty- 
one years or above; ten examples of the 
typhoidal clinical type, an incidence of 
27 per cent; fourteen patients with tular- 


* From the Department of Bacteriology, College of psa University of Cincinnati, and the Cincinnati General 
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emic pneumonia, a frequency of 37.8 per 
cent, including two with bilateral pneu- 
monia and three with accompanying large 
pleural effusions. ‘Thus the group was com- 
posed of infections of considerably greater 
average severity than would have been en- 
countered by a random selection. ‘The time 
of onset of therapy ranged from the second 
to the one hundred twenty-third days of 
disease, with the average on the twenty- 
second day. The usual mode of administra- 
tion was by intramuscular injection every 
three hours, occasionally every four hours. 
A few dangerously ill patients received part 
of the total amount by continuous intra- 
venous or subcutaneous drips. The periods 
of administration varied from two to seven- 
teen days, and the total dosage per patient 
varied from 0.64 to 29.5 Gm. 

All published reports‘”'® as well as all 
private communications received to date, 
were in agreement that streptomycin modi- 
fied favorably the course of the disease, 
usually promptly and often dramatically. 
The only apparent exceptions were three 
patients who were treated during the 
eleventh, seventh and third months of dis- 
ease.'* Otherwise the observed objective 
evidences of improvement were lowered 
temperature, reduction in diameters of 
buboes and restoration of mental clarity, 
usually preceded or accompanied by equally 
prominent subjective changes, notably relief 
from headache, sense of prostration, mental 
depression, arthralgias and myalgias, and 
lessened pain in primary lesions and in 
buboes. If pneumonia was present, the 
additional diminution or disappearance of 
cough and the reductions in pulse and re- 
spiratory rates created a dramatic turn of 
events. Regardless of the stage of disease 
at which therapy was instituted the tem- 
perature usually fell to normal within 
seventy-two hours, a highly significant 
change for the eighteen patients who were 
given treatment before the fifteenth day of 
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disease, and especially so for the fourteen 
patients who had tularemic pneumonia. In 
one case the distressing sequel of serial 
suppuration of lymphadenopathies was 
promptly halted.* Early treatment did 
not prevent all suppurative lymphadenitis 
though it did reduce the frequency to a 
new low level. Primary lesions that were in 
the non-ulcerated papular stage at the on- 
set of therapy usually healed without ulcer- 
ation, and in about one-third to one-half of 
the usual healing time. 

The average results of therapy are shown 
in Table 1, in comparison with means ob- 
tained from untreated patients and from a 
group that was treated with hyperimmune 
serum, the latter probably representing the 
best results obtainable with serum therapy.’ 
The extraordinary therapeutic effectiveness 
of streptomycin is not adequately reflected 
by the figures presented. This is apparently 
due to the inclusion in this small series of 
three patients who were not treated until 
the seventy-ninth, one hundred third, and 
one hundred twenty-third days of disease, 
respectively. Nevertheless a duration of dis- 
ease of less than two months, and a therapy- 
to-recovery interval of considerably less than 
forty-six days are new low constants for 
tularemia, exceptionably remarkable in 
view of the late average time of onset of 
therapy, the twenty-second day of disease. 
Averages that were more in harmony with 
the usual clinical experience were obtained 
by arbitrarily excluding from computations 
the data from the three late treated patients. 
These figures, shown within parentheses, 
are more representative of the results of 
treatment during the severe acute phase of 
the disease, and probably foreshadow more 
accurately the results to be secured eventu- 
ally by proper analysis of a suitably large 
series. 

Five patients were desperately ill when 
therapy was initiated on the third, thir- 
teenth, twenty-fourth, twentieth, and fifth 


AMERICAN JOURNAL OF MEDICINE 


<a 
= 
a 


Streptomycin in Tularemia—Foshay 


469 


TABLE I 
COMPARISON OF MEANS FROM THE CONTROL AND HYPERIMMUNE SERUM TREATED GROUPS 
WITH AVERAGES FOR THE STREPTOMYCIN TREATED GROUP 


H Streptomycin 
Untreated 
N = 36 | (N = 33) 
Duration of 
Adenopathy, months....... 3.50 1.78 2.03 (1.73) 
40.6 30.9 27 .6 (27.7) 
Day of disease therapy was begun........... 17 22 (14) 
Suppurative adenitis, per cent............................ 56 26.5 20 
Therapy-to-recovery interval, 46 38 (37) 


days of disease, respectively. All exhibited 
the typhoid state, and two had non-remit- 
tent fever at high levels, a symptom combi- 
nation which in the past has usually been 
followed by death within seven days. Tran- 
sitions from the highly febrile, incontinent, 
stuporous state to one of cheerful compe- 
tence with sustained progressive improve- 
ment were effected within seventy-two hours 
by treatment of the first four patients. The 
fifth, a woman of fifty-five who had had 
signs of pneumonia by the second day of 
disease, and who had been delirious since 
the third day, was admitted late on the 
fourth day and died early in the sixth day 
despite treatment at the rate of 0.15 Gm. 
every three hours during the previous 
fifteen hours. 

The duration of pulmonic exudates was 
measured in ten patients by means of serial 
chest films. The approximate times of ap- 
pearance and disappearance of exudates are 
tabulated in Table u against the day of 
disease upon which therapy was initiated. 
Although sufficient accurate data are not 
available for comparison it is generally 
known that tularemic pneumonias resolve 
slowly and that exudates commonly persist 
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for two months and not infrequently 
throughout the third month of disease. 
Streptomycin therapy apparently effected a 
considerable reduction in the resolution 
time and, on the average, the less the inter- 
val between detection of pneumonia and 
institution of therapy the shorter was the 
period of repair. 
TABLE I 


THE DURATION OF PULMONARY EXUDATES IN TEN PATIENTS 
WHO WERE TREATED WITH STREPTOMYCIN 


A 
, Day of Disease | Approximate Day 
Therapy of Disease Exudate 
A Instituted Disappeared 
8 8 28 
7 11 21 
4 11 62 
6 13 31 
1 17 29 
4 18 41 
17 20 38 
10 22 51 
4 24 97 + 
13 79 144+ 


Although there is unanimous agreement 
so far that streptomycin therapy is highly 
effective in acute tularemia there is obvi- 
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ously no widespread appreciation of just 
how effective it really is, nor any agree- 
ment about dosage requirements. Perhaps 
the total experience is too small to expect it. 
Two dosage plans are discernible in pub- 
lished reports. In one the dosage varies 
from 1 to 3 Gm. per day for from seven to 
ten or twelve days, and occasionally longer. 
Although this “‘playing safe’? policy makes 
the patient and the physician feel vastly 
better within a day or two it contributes 
nothing else beyond a reafhrmation that 
the antibiotic is effective in this disease. 
The other shows early attempts to deter- 
mine the minimal and safest, most efficient 
dosage range and, through its rewarding, 
increased insight into disease processes, to 
lay the groundwork for skilful and eco- 
nomic management. It may not be without 
significance that those who are most familiar 
with the disease are using the smaller 
dosages. 

Peterson and Parker® secured a brilliant 
result in a pneumonic patient with temper- 
ature peaks reaching 104.2°F. or more daily, 
using a total of 1.9 Gm. In fact, the dra- 
matic change within twenty-four hours to 
the afebrile and asymptomatic state was 
effected by the administration of 0.9 Gm. 
at the rate of 0.05 Gm. every three hours, 
for two and one-fourth days, beginning on 
the eleventh day of disease. The additional 
1 Gm. was administered at the same rate, 
starting three days after cessation of the 
first amount. Their considered judgment in 
this case was, “‘It is doubtful whether the 
latter series was necessary. The patient had 
been afebrile for 3 days when the second 
course was started; he was showing steady 
improvement, and the subsequent illness 
did not indicate that the additional strep- 
tomycin had been beneficial.” 

Abel® reported an equally satisfactory 
response in a man with the ulceroglandular 
type without pneumonia but with large 
buboes. Two Gm. of streptomycin were 
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administered at a rate of 0.166 Gm. every 
four hours for two days, starting on the 
eighth day of disease. He commented, 
‘‘Inasmuch as the clinical use of strepto- 
mycin in tularemia is scant, the yardstick 
of dosage has not been established. On this 
basis, only two million units were adminis- 
tered to this patient and the results were 
just as good as in the previous patient who 
received 7 million units.” 

The first seven patients reported by 
Foshay and Pasternack* showed equally 
satisfactory clinical responses following ad- 
ministration of a usual total dose of 1.2 Gm., 
with a maximal of 1.76 Gm. One was in the 
desperately ill classification and another had 
tularemic peritonitis with the abdominal 
cavity distended with infected fluid. One 
experienced a late, recurrent lymphadenitis 
with rapid necrosis and formation of a 
subpectoral abscess. A later attempt’ to 
approximate a minimal, safely effective 
dosage, made in another desperately ill 
patient with bilateral tularemic pneumonia, 
showed that even an infection of maximal 
severity was controllable by streptomycin 
administration at a rate of 0.5 Gm. per 
day, and that treatment for two or three 
days at this rate might be expected to be a 
reasonable maximal requirement. Further 
evidence to support this probability can be 
found in the report and in the administra- 
tion chart of the patient treated by Cohen 
and Lasser,* another desperately ill patient 
in whom the dramatic turn of events was 
accomplished by the administration of 0.5 
Gm. per day. It is not clear that the subse- 
quently doubled rate was necessary or 
beneficial. After the dramatic fall in tem- 
perature and restoration to consciousness 
and to a state of progressive improvement 
each of these latter patients showed irregu- 
lar, low to moderate fever during the period 
of earliest favorable changes in the pulmonic 
exudates. The chart referred to indicates 
that the period of fever coincided with 
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specific in vivo agglutinin absorption, and 
that it was, therefore, a consequence of 
effective therapy and not an indication for 
more treatment, as they correctly judged. 

Untoward reactions have been few. Two 
patients who were receiving 0.1 Gm. every 
three hours experienced dermal rashes, one 
with an accompanying sharp rise in tem- 
perature.'* An unreported patient had a 
dermal rash, accompanied by a sharp rise 
in temperature and muscular cramps in 
the calves, on the eighth day of administra- 
tion at a rate of 0.15 Gm. every three hours 
for a total of 9.3 Gm. Subsequent obser- 
vation at six weeks after discharge from 
hospita) disclosed persisting vertigo and 
tinoitus. Although many patients showed a 
small rise in temperature within eight hours 
of institution of therapy the associated brief 
intensification of disease symptoms, in the 
few cases in which it was detectable at all, 
was negligible and trifling. The only pa- 
tient to experience the analogue of the 
Herxheimer reaction was the previously 
reported one with the infected, massive 
peritoneal exudate.‘ 


COMMENT 


An important practical result of the heal- 
ing without ulceration of papular primary 
lesions was that it prevented secondary 
pyogenic infection of ulcers and, in conse- 
quence, greatly reduced the frequency of 
suppuration of buboes. If a few physicians 
and patients could have been dissuaded 
from incising or needling early, unbroken, 
primary papules it is not unlikely that the 
incidence of suppurative adenitis in this 
series would have been lowered still further. 
It is apparently not widely appreciated that 
these secondary infections, usually by hemo- 
lytic staphylococcus aureus, and especially 
if the lesions become dry and seal over, 
appreciably increase the frequency of sup- 
purative adenitis. Indeed, adequate local 
and, if need be, appropriate systemic ther- 
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apy to control existing secondary pyogenic 
infections of ulcers and buboes would con- 
tribute materially to lower the bubo sup- 
puration rate. Not all re-enlargements of 
buboes are tue to secondary infection but 
should a typically effective streptomycin 


_ response be followed by recurrence of low 


to moderate fever, with gradual re-enlarge- 
ment and increasing tenderness of pre- 
viously shrunken buboes, it might be 
remembered that the likelihood of second- 
ary infection is considerably greater, based 
on experience to date, than a reactivation 
of the tularemic process. This held true 
throughout many years of observation of 
the effects of serum therapy, and it is already 
becoming evident following streptomycin 
therapy. 

The three patients in the second group 
reported by Howe, Coriell and associates'* 
stand out in marked contrast to all others 
since therapy administered at the rate of 
0.1 Gm. every three hours for from three 
to seven days failed to induce appreciable 
immediate favorable changes, and played 
at most a doubtful part in the recoveries 
that eventually followed at two, four and 
three months, respectively, after cessation 
of therapy. These patients had weathered 
fairly mild acute phases of the disease and, 
at the time of treatment, were suffering 
frequent intermittent attacks of low to 
moderate fever associated with sense of 
prostration, great fatiguability and, in one 
case, generalized enlargements of lymph 
nodes. The association of transitory zn vivo 
specific agglutinin absorptions with recur- 


- rent exacerbations of symptoms character- 


istic of tularemia makes any other cause 
for the chronic illnesses highly improbable. 
Considerations of the mild character of the 
acute phases, the previous prophylactic vac- 
cinations, or the late stages of disease at 
which therapy was initiated have suggested 
no plausible reasons for the state of refrac- 
toriness to therapy. One might suspect that 
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the locations, presumably intracellular, in 
which the surviving bacteria were held in 
inadequate or impermanent bacteriostatic 
equilibrium were impermeable to strepto- 
mycin at the prevailing concentrations. In 
any event it seems more probable that the 
fundamental abnormality in such cases is a 
defect in the individual’s defense apparatus 
rather than in the activity of the anti- 
biotic. Similar examples have been observed 
among unvaccinated laboratory personnel.'® 
The clinical courses and the responses to 
streptomycin therapy of these uncommonly 
seen examples of chronic tularemia resemble 
those of subacute or early chronic brucellosis 
so very closely that it suggests some common 
causative feature in the respective host- 
parasite relationships. 

Although it seems that most physicians 
are using far larger amounts of streptomycin 
than are really necessary for their patients, 
it is in relation to this very matter of sup- 
purative adenitis that the effect of total 
quantities larger than 2 or 3 Gm. per pa- 
tient might be studied much more, par- 
ticularly in patients with buboes with 
diameters of 5 cm. or more at the time 
treatment is initiated. Buboes of this size 
seldom escaped eventual suppuration in the 
pre-streptomycin days. Several patients in 
_ this series had liquefaction necroses after 

total dosages of 1 to 3 Gm. On the other 
hand another, who had no nodes palpable 
when therapy was started on the fifteenth 
day of disease, received 1 Gm. per day for 
seven days, and then developed rapid re- 
enlargement and liquefaction of an axillary 
node which required drainage on the tenth 
day after cessation of therapy. Others who 
received 6, 8 or even 20 Gm. of strepto- 
mycin still have large nodes, some tender 
and fluctuating in size, whose ultimate out- 
come cannot be predicted. Since buboes 
that may have disappeared entirely with 
or without treatment are known to re- 
enlarge and to progress rapidly to liquefac- 
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tion up to six or twelve or even to thirty 
months after recovery there can be no 
assurance of success but it seems justifiable 
to try larger dosage to see if this will further 
reduce the incidence of suppurations. The 
crux of the matter seems to be the difficulty 
in distinguishing between the results of per- 
sisting or of mixed infection and the conse- 
quences of irreversible tissue damage that 
may have been inflicted prior to the onset 
of therapy. 

The patient with the typhoidal clinical 
type, often with tularemic pneumonia but 
clearly not in the desperately ill category, 
is the one who is presently receiving the 
largest therapeutic doses. Although it may 
seem contrary to expectations based upon 
experience with other infections it is pre- 
cisely this type of tularemic infection which 
responds dramatically to the smaller total 
dosages of 2 or 3 Gm. administered over a 
four to six-day period. The importance of 
treating infections with high initial concen- 
trations of bacteriostatic or bactericidal 
agents is not minimized; the sensitivity of 
Bacterium tularense to streptomycin is simply 
so high that adequate initial blood concen- 
trations are easily achieved by the above 
recommended dosage which, furthermore, 
is much less apt to induce hypersensitivity 
or other toxic or undesirable drug reactions. 

The problem of the fulminant case, the 
one person out of approximately each 
thousand who reacts to invasion with no 
more effective resistance than does the 
rabbit, and who similarly dies between the 
fifth and tenth days of disease, is one of — 
early diagnosis. The amazing effectiveness 
of streptomycin in totally non-resistant lab- 
oratory animals justifies the expectation 
that these deaths could be prevented if 
treatment could. be given early enough. 


SUMMARY 


There is uniform agreement that strep- 
tomycin is an extremely effective thera- 
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peutic agent in tularemia. Although the 
experience is too small to permit formu- 
lation of an optimal dosage, no evidence 
‘has yet appeared that either (1) 0.5 Gm. 
per day for two days followed by 0.25 Gm. 
per day for four days or (2) 0.5 Gm. per 
day for six days is not adequate dosage for 
the case of usual severity, with or without 
tularemic pneumonia. 


For permission to use data from unpublished 
records I am indebted to Drs. M. A. Blanken- 
horn, D. A. Tucker, Jr.,. W. O. Ramey, R. P. 
Beckwith, K. W. Wright, and L. B. Chenoweth. 
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Treatment of Urinary Tract Infections 
with Streptomycin’ 


WILLIAM L. HEwiITT, M.D. 
BOSTON, MASSACHUSETTS 


HE earliest reports indicated that 

streptomycin effectively inhibited 

the growth of most of the gram- 
negative bacteria responsible for infection 
of the urinary tract.’?** Clinical studies 
have indicated the importance of anatomical 
conditions prevailing in the genitourinary 
tract and the bacterial flora producing in- 
fection as factors influencing the results 
obtained from treatment strepto- 
mycin.*®7*9% The purpose of this report is 
to review briefly the basic pharmacological 
and bacteriological data of direct impor- 
tance in the treatment of urinary tract 
infections and to summarize the experience 
at the Massachusetts Memorial Hospitals 
as illustrative of the present state of our 
knowledge concerning the use of this chemo- 
therapeutic agent in the management of 
these infections. 


PHARMACOLOGY 


Streptomycin administered intramuscu- 
larly produces maximum blood levels within 
one to two hours. after injection and appears 
rapidly in the urine during the first hour 
after injection. After a single dose of strep- 
tomycin the urinary excretion of the drug is 
greatest during the four hours following 
injection corresponding to the period of 
highest blood levels and continues over a 
twenty-four to forty-eight hour period.'®'"'? 
The rate of renal excretion of streptomycin 
is thus considerably slower than that of 
penicillin. One hour after injection 60 per 


cent of a given dose of penicillin can be 
recovered from the urine and excretion is 
almost complete within four hours whereas 
20 to 30 per cent of a single dose of strepto- 
mycin is excreted later than four hours after 
administration. 

The concentration of streptomycin in the 
urine is related to the dose of the drug, urine 
volume and renal function. Considerable 
variation exists in the total amount and in 
the concentration of streptomycin excreted 
in the urine. Sixty to 80 per cent of the 
dose administered usually appears in the 
urine and on dosage schedules of 2 to 4 Gm. 
per day concentrations of 25 to 5,000 micro- 
grams per cc. of urine may be obtained. In 
our cases in which it has been feasible to 
limit the daily fluid intake to 2,500 cc. 
and with a daily dose of 1 Gm. of strepto- 
mycin a minimum urine level of 100 micro- 
grams per cc. has been present almost 
uniformly. Two Gm. of streptomycin daily 
usually has insured a urine level of 250 
micrograms per cc. The concomitant use 
of oral alkali with streptomycin has not 
produced any significant effect on the 
urinary excretion of the drug. Several 
investigators have observed patients with 
advanced renal disease who manifest de- 
creased renal excretion of streptomycin with 
low urine levels and markedly increased 
serum levels.*'! We have not observed this 
phenomenon, but in occasional instances 
it may be of therapeutic importance by 
preventing urine levels adequate for bacter- 


* From the Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine, 
Boston University School of Medicine. 


- 474 


AMERICAN JOURNAL OF MEDICINE 


a 


Urinary Tract Infections—Hewutt 


icidal action. In connection with the treat- 
ment of renal and urinary tract infections 
the work of Adcock and Hettig is of interest 
in which postmortem assays were performed 
on the organs of two patients receiving 
streptomycin and the amount of the drug in 
renal tissue was found to be approximately 
twice that present in the serum whereas 
considerably smaller amounts were present 
in the lung and heart muscle.** 


BACTERIOLOGY 


The bacteria which occur most commonly 
in urinary tract infections are gram-nega- 
tive bacilli of which Escherichia coli and 
Aerobacter aerogenes are most frequently 
isolated. Gram-positive cocci may also be 
present, and of the streptococci the non- 
hemolytic enterococcus group and alpha 
hemolytic streptococci are more common 
then beta hemolytic types. The relative 
frequency of various groups of bacteria in 
the series reported by Braasch'‘ and by De- 
Bakey and Pulaski’® is cited in Table 1 for 


TABLE 
FREQUENCY OF OCCURRENCE OF BACTERIA IN URINARY 
TRACT INFECTIONS 


Mass. 

, DeBakey Mem. 

Organism Braasch"* | Hosp. 

Series 
Total cases....... 200 680 75 
84 132 51 
A. acrogenes...... 26 170 17 
Staphylococci. . . 28 58 2 
S. fecalis......... 8 83 12 
Proteussp........ 6 115 18 
P. acruginosa..... 70 12 
B. mucosus....... — 32 8 
H, influenzac..... sue 1 
Mixed infections. . 17 ogee 33 


comparison with our own cases. Urinary 
tract infections may occur with a single 
organism or a mixed infection with several 
types of bacteria may be present. The fre- 
quency with which groups of organisms dif- 
ferent from those originally present appear 
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during treatment suggests that mixed infec- 
tions may be more frequent than previously 
supposed and that infections which are ap- 
parently caused by a single group of bacteria 
may in some instances represent the pre- 
dominance of one group which when sup- 
pressed allows other types to appear in 
numbers capable of detection. ‘This phenom- 
enon was observed in 31 per cent of our 
cases. Gram-positive cocci insusceptible to 
streptomycin occasionally appear in the 
urine following suppression of gram-nega- 
tive bacilli and the appearance of gram- 
positive cocci in the sputum, nose and 
throat in some instances followed by fulmi- 
nant infections must be remembered as 
a possible complication of streptomycin 
therapy.*® 

Most of the organisms encountered in 
urinary tract infections are susceptible in 
vitro to the concentration of streptomycin 
obtainable in the urine although cultures 


_which are naturally resistant are encoun- 


tered. These are relatively infrequent except 
for Pseudomonas aeruginosa and Strepto- 
coccus fecalis. Published reports and our 
own experience indicates that about 75 per 
cent of the cultures of E. coli, A. aerogenes 
and Proteus sp. are sensitive to a concentra- 
tion of streptomycin of twenty micrograms 
or less per cubic centimeter. All of the four- 


~ teen cultures of Proteus sp. we have tested 


have been sensitive to less than 20 micro- 
grams of streptomycin per cc. A concentra- 
tion of streptomycin of over 100 micrograms 
per cc. was required to inhibit two of nine 
cultures of Pseudomonas aeruginosa and six 
of twelve cultures of Streptococcus fecalis. 
Although E. coli, A. aerogenes and Proteus 


sp. are usually quite sensitive to strepto- 


mycin in vitro, Helmholz found that under 
the experimental conditions he employed 
urine containing less than 66 micrograms 
per cc. produced no interference with 
growth and that a concentration of at least 
100 micrograms per cc. was necessary before 
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bactericidal effect on Pseudomonas aerugi- 
nosa and Streptococcus fecalis was 
observed.'? Furthermore, the number of 
bacteria commonly present in urinary tract 
infections exceeds considerably the num- 
ber employed under the experimental 
conditions of the zn vitro sensitivity test and a 
large margin of safety is probably important 
in determining the urine level of strepto- 
mycin desired on the basis of the sensitivity 
of the organisms which are present. The 
decreased antibacterial effect in witro of 
streptomycin when the pH of the culture 
medium is less than 7.0 is well known. 
Wolinsky and Steenken*® noted a progres- 
sive decrease in antibacterial effect as the 
pH of the culture medium was decreased 
from 7.7 to 5.2 with the most marked dimi- 
nution occurring between pH 6.6 and 5.9. 
No destruction of streptomycin occurs nor 
has any change been observed in its anti- 
bacterial activity in the presence of purulent 
or non-purulent exudates, serous transu- 
dates or normal tissue juices. The presence 
of procaine likewise produces no neutraliza- 
tion of antibacterial activity. 

The ease with which bacteria develop re- 
sistance to the antibacterial action of strep- 
tomycin has been well demonstrated.'!*!*?° 
This phenomenon represents the primary 
factor limiting the therapeutic efficiency of 
this drug. ‘The degree to which streptomycin 
resistance can develop is of a high order of 
magnitude. By successive transfer into 
media containing increasing concentrations 
of streptomyoin cultures can be obtained 
of all of the gram-negative bacilli occurring 
in urinary tract infections which grow read- 
ily in the presence of streptomycin in con- 
centrations of 25,000 to 50,000 micrograms 
per cc. This represents absolute resistance 
for therapeutic purposes. Bacteria recovered 
routinely from patients with urinary tract 
infections in which bacteriological cure 
has not occurred frequently possess this 
same order of resistance.*' These organisms 
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do not differ significantly morphologically 
or in the biochemical reactions they produce 
from the original cultures from which they 
were derived although a change in pigment 
production and a reduction in rate of car- 
bohydrate fermentation by staphylococci 
which have become streptomycin resistant in 
vitro has been noted.** No relationship has 
been observed between the sensitivity of 
bacteria to streptomycin and their response 
to other chemotherapeutic agents. Cultures 
which have become resistant either in vitro 
or in vivo to high concentrations of strepto- 
mycin manifest the same degree of sensitivity 
to penicillin and to sulfonamides as they did 
before exposure to 

The rate at which streptomycin resistance 
develops may be quite rapid particularly 
when compared with the rate of the develop- 
ment of penicillin resistance. Employing the 
usual in vitro technic Knop** studied the 
development of resistance to streptomycin of 
cultures of E. coli, A. aerogenes and Proteus 
sp. which were sensitive to a concentration 
of 6 micrograms per cc. Seven transfers were 
sufficient to produce cultures resistant to 
1,000 micrograms per cc. in some instances 
and all the cultures became resistant to this 
concentration of streptomycin in twelve to 
twenty-four transfers. The use of nutrient 
broth or urine as a culture medium did not 


' produce any significant difference in these 


results except when Proteus sp. was grown 
in urine containing streptomycin. Bacteri- 
cidal action occurred so readily under these 
circumstances that the development of 
resistant bacteria was difficult. A possible 
explanation for this difficulty is the ability 
of this organism to decompose the urea pres- 


ent in urine with formation of ammonia and 


production of an alkaline medium in which 
the activity of streptomycin is greatly en- 
hanced. Cultures of Pseudomonas acrugi- 
nosa and Streptococcus fecalis developed 
streptomycin resistance more readily than 
the other bacteria tested. 
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CLINICAL MATERIAL 


A number of reports have appeared con- 
cerning the treatment of urinary tract 
infections with streptomycin.®* 
Seventy-five cases of urinary tract infections 
have been treated at the Massachusetts 
Memorial Hospitals. * The published reports 
and our own cases may be divided into 
several clinical groups in which the effec- 
tiveness of streptomycin can be evaluated 
separately. 

Acute Pyelonephritis. Eight patients with 
acute urinary tract infection with marked 
constitutional symptoms and signs have 
been treated. Seven of these patients showed 
dramatic clinical improvement with rapid 
decrease of fever, costovertebral angle 
tenderness, leukocytosis, and pyuria and im- 
provement in renal function. In several 
instances this improvement was of value in 
preparation of the patient for surgery. 
With clinical improvement bacilluria has 
usually been temporarily reduced on the 
basis of quantitative measurements by the 
plate count method but in only one case did 
sterilization of the urine occur. Pyuria was 
decreased in six cases but disappeared in 
none. Control of bacteremia which fre- 
quently accompanies acute pyelonephritis 
may be of importance in producing a good 
clinical response. 

Pyelonephritis of Pregnancy. Nine cases of 
pyelonephritis of pregnancy have been 
treated all of which have manifested symp- 
toms and signs consistent with moderate or 
severe acute pyelonephritis rather than 
merely pyuria and bacilluria. Inasmuch as 
symptoms and fever commonly subside on 
a regimen of bed rest and administration of 

* The urological care of these cases was the responsi- 


bility of Drs. S. N. Vose and D. L. Anderson without 
whose cooperation these studies would not have been 
possible. 

Streptomycin was provided by The National Re- 
search Council from supplies assigned for clinical 
investigations recommended by the Committee on 
Chemotherapeutics and Other Agents, Dr. Chester S. 
Keefer, Chairman. 
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large volumes of fluid, evaluation of the 
r6le played by streptomycin in these cases 
is difficult. Six patients manifested an excel- 
lent clinical response with decreased pyuria 
and bacilluria and three of these showed 
sterilization of the urine. Pyuria almost dis- 
appeared in the three patients whose urine 
became sterile. ‘wo of the three bacterio- 
logical cures relapsed within one month fol- 
lowing discharge from the hospital but in 
both cases the bacteria isolated were sensi- 
tive to concentrations of streptomycin less 
than 32 micrograms per cc. 

Chronic Pyelonephritis. Eighteen patients 
with urinary tract infections have been 
treated in which some anatomical obstruc- 
tion to the free flow of urine has been pres- 
ent. Sterilization of the urine occurred in 
only three (17 per cent) of these patients. 
Fourteen cases of urinary tract infections 
have been treated in which no obstructive 
element could be found with urinary steril- 
ization in eleven (79 per cent) of these 
patients. Pyuria responded more irregularly 
than bacilluria. Whereas bacilluria was 
frequently reduced temporarily in _ those 
cases in which bacteriological cure was not 
attained, pyuria frequently continued un- 
diminished and in only eight of the twenty- 
nine instances of urinary sterilization in our 
entire series did pyuria cease. The response 
of mild urinary tract symptoms and low 
grade fever associated with chronic pyelo- 
nephritis was also quite irregular. 

Calculi were present in eleven of our cases 
accompanied by Proteus sp. in seven in- 
stances. Clinical improvement was noted 
in nine patients who were experiencing 
acute exacerbations of chronic pyeloneph- 
ritis but bacteriuria ceased in only three 
cases. Two of these underwent nephrectomy 
rendering it impossible to attribute bacterio- 
logical cure to streptomycin and the third 
patient developed recurrent bacteriuria 
four days after cessation of streptomycin 
therapy. It is worthy of note, however, that 
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Proteus sp. was eradicated from the urine 
and the urine became acid in all cases al- 
though other gram-negative rods persisted. 

The importance of anatomical complica- 
tions producing urinary stasis has been noted 
by others. Pulaski* reported four cases of 
calculi with two bacteriological cures both 
of which had simultaneous surgical removal 
of the calculi. Of twenty-six patients with 
calculi reported by DeBakey and Pulaski’® 
only four showed improvement with no 
data being given concerning urinary steril- 
ization. Harrell et al.?® grouped cases as 
complicated and uncomplicated and noted 
good results in twenty-five of twenty-eight 
cases in the latter group as contrasted 
with four of twenty-four patients in the 
former group. 

Preoperative and Postoperative Use of Strepto- 
mycin in Relation to Genitourinary Surgery. 
Streptomycin has been of value in control- 
ling severe constitutiona] manifestations of 
acute infection of the urinary tract prior to 
surgery. The clinical response to strepto- 
mycin therapy of acute pyelonephritis 
occasionally with bacteremia has permitted 
extensive genitourinary surgery under much 
more favorable conditions than existed prior 
to chemotherapy. In situations in which 
sulfonamides are contraindicated, as in the 
presence of ureteral obstruction by stone, 
streptomycin is the chemotherapeutic agent 
of choice. When the circumstances for 
bacteriological cure are unfavorable due to 
the presence of obstruction, calculi, un- 
drained abscesses or catheters, the develop- 
ment of bacteria resistant to streptomycin 
may preclude the usefulness of the drug dur- 
ing the postoperative period. When the 
main source of infection is to be removed as 
in nephrectomy this difficulty may to some 
extent be obviated. The clinical response 
to streptomycin of patients with abscesses 
associated with the genitourinary tract 
has been poor in the cases reported and in 
the three cases of perinephric infection 
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treated by us clinical improvement was 
obtained in only one patient who had under- 
gone surgical drainage prior to institution of 
streptomycin. The use of streptomycin in 
the presence of localized accumulations of 
exudate affords bacteria an ideal oppor- 
tunity for development of resistance by 
exposing them to concentrations of a chemo- 
therapeutic agent inadequate to insure 
bactericidal action. 

The use of streptomycin preoperatively or 
postoperatively in patients in whom uro- 
logical indications demand catheter drain- 
age has been uniformly disappointing. The 
indwelling catheter, suprapubic cystostomy 
or nephrostomy tube acting as a foreign 
body is accompanied by the development or 
introduction of bacteria resistant to strepto- 
mycin. Four patients who had sterile urine 
and who were to have urological procedures 
necessitating an indwelling catheter pre- 
operatively were placed on a daily dose of 
streptomycin of 4 Gm. prior to insertion of 
the catheter. Within seven days urine cul- 
ture of each patient revealed gram-negative 
bacilli which were resistant to a concentra- 
tion of streptomycin of 5,000 micrograms 
per cc. In only a single case in our entire 
series was sterilization of the urine accom- 
plished in the presence of an indwelling 
catheter. The use of streptomycin under 
these conditions should be limited to those 
patients manifesting severe, uncontrolled 
acute upper urinary tract disease or bactere- 
mia associated with urinary tract disease. 

Lower urinary tract infection with per- 
sistent pyuria is one of the troublesome and 
frequent complications of transurethral pros- 
tatic resection. In an effort to shorten the 
period during which pyuria and bacilluria 
were present ten patients were given strep- 
tomycin following transurethral resection of 
the prostate, five being given a daily dose of 
1 Gm. and five a daily dose of 4 Gm. 
Decreased pyuria or bacilluria was not 
observed during or after streptomycin 
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therapy. The bacteria present prior to treat-_ 


ment in all cases were sensitive to a con- 
centration of streptomycin less than 64 
micrograms per cc. and those isolated after 
completion of treatment were resistant to 
concentrations of streptomycin over 10,000 
micrograms per cc. 

Urinary Tract Infections Associated with 
Paraplegia. Petroff and Lucas’ reported 
thirty-five cases of urinary tract infection 
associated with paraplegia treated with 
comparatively small doses of streptomycin. 
In thirteen patients who had automatic 
bladders and were voiding without use of 
catheters sterilization of the urine occurred 
in nine cases but all became reinfected 
within four days. The treatment of twenty- 
two cases with indwelling catheters present 
resulted in urinary sterilization of ten 
patients for a period of one to two days but 
bacteria were again recovered from all 
patients within four days. Pulaski® reported 
bacteriological cure in three of eight para- 
plegics treated with a daily dose of strepto- 
mycin of 2.4 Gm. The patients in whom 
urinary sterilization was observed did not 
have suprapubic fistulas or residual urine. 
The largest series of 221 cases has been 
reported by DeBakey and Pulaski.'® In pa- 
tients in whom calculi were not present 
improvement was noted in 35 per cent of 
those treated. When calculi were present 
improvement occurred in only 11 per cent of 
patients treated and when undrained ab- 
scesses or cellulitis were present good results 
were observed in only 7 per cent of the pa- 
tients treated. 

Acute Epididymitis. We have treated two 
patients with acute epididymitis. One case 
occurred following dilatation of a urethral 
stricture and the other followed trans- 
urethral prostatic resection. Gram-negative 
bacilli persisted in the urine during strepto- 
mycin therapy but dramatic relief of pain 
with rapid reduction in scrotal swelling 
and tenderness occurred twenty-four hours 
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after institution of chemotherapy. Six other 
cases of epididymitis have been reported 
with similar good clinical results in three in- 
stances and failure in three patients in which 
surgical treatment was necessary. *?® *! 

Urethritis. Streptomycin has not been 
used extensively in urethritis. Neisseria 
gonorrhoeae is quite susceptible to strepto- 
mycin in vitro.'*?? Five cases of gonococcal 
urethritis have been reported with cure in 
all cases.'® 


BACTERIOLOGICAL FEATURES OF CLINICAL 
MATERIAL 

Forty-two single infections and thirty- 

three mixed infections were present in our 

series. Infections with a single type of 

organism responded as well clinically as did 


TABLE 
BACTERIOLOGY AND RESULTS OF TREATMENT OF URINARY 
TRACT INFECTIONS 


Bacteriuria 
Good | F°° after 
| Clini or In- Treatment 
Type of Infection | N°] 
Cases} nite 
Pres- | Ab- 
sult 
— ent sent 
organism . 42 27 15 20 22 
24 15 9 13 11 
A. aerogenes. . 4 1 3 4 0 
Proteussp..... 6 5 1 0 6 
P. acruginosa..| 4 3 1 2 2 
B. mucosus... . 1 1 re 0 1 
S. fecalis...... 2 1 1 0 2 
H. influenzac. . 1 1 1 
Mixed infections.| 33 21 12 26 7 
E. coli........ 27 15 12 20 7 
A, aerogenes 14 9 5 8 6 
Proteussp..... 12 7 5 2 10 
P. aeruginosa 9 6 2 2 7 
B. mucosus. . 7 3 + 3 4 
S. fecalis...... 10 7 3 3 7 
75 48 27 46 29 


those with mixed bacterial flora in the urine. 
Definite clinical improvement was observed 
in 64 per cent of the patients with each type 
of infection. However, sterilization of the 


e 


480 


urine occurred in 52 per cent of the patients 
with a single type of infecting organism and 
in 21 per cent of those with mixed bacterio- 
logical flora. The overall recovery rate 
was 39 per cent. These results are in accord 
with those obtained in the 409 cases re- 
ported by Keefer et al.*? The frequency 
with which each specific organism was 
eradicated from the urine is given in Table 
u. Infections with E. coli, A. aerogenes, P. 
aeruginosa and S. fecalis appeared to 
respond about equally well to streptomycin. 
Proteus sp. was present in eighteen cases 
of urinary tract infection. This organism 
disappeared from the urine in sixteen pa- 


TABLE 
STREPTOMYCIN SENSITIVITY OF BACTERIA ISOLATED 
FROM URINARY TRACT INFECTIONS 


Frequency of 
Sensitivity of 
Cultures 
Pri Bact. Related 
or to 
Treatment 
No. Sensitivity 
of 
Type of Bacteria Cul- | Less Less 
tures Over Over 
than than 
Iso- 64 64 
ted | nicro- mi 
grams — grams 
pr | pr 
ce ce. 
P. aeruginosa 9 7 2 1 2 
S. fecalis........ 12 6 6 0 3 
ss 41 41 0 26 
A. aerogenes..... 16 16 0 8 
Proteussp....... 15 15 0 1 
B. mucosus...... 8 8 0 3 


tients (89 per cent) which is significantly 
higher than for the other groups of bacteria. 
This might indicate that Proteus sp. re- 
sponds at least temporarily more favorably 
than other bacteria but the alkaline reaction 
of the urine in infections in which this 
organism is present may explain the ap- 
parently increased susceptibility of Proteus 
sp. infections. Sterilization of the urine may 
occur quite rapidly following administration 
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of streptomycin. Negative urine cultures 
have been obtained twelve hours after 
institution of therapy and all of our nineteen 
bacteriologic cures showed sterile urine at 
the end of forty-eight hours of therapy. 

The streptomycin sensitivity of the bac- 
teria present in the urine of the cases treated 
is presented in Table m. The only naturally 
resistant bacteria encountered were P. 
aeruginosa and S. fecalis. The six resistant 
cultures of S. fecalis required a concentra- 
tion of streptomycin of 250 micrograms per 
cc. to inhibit their growth. Naturally resist- 
ant strains of both of these organisms are 
relatively frequent. Within the group of 
sensitive organisms no correlation was ob- 
served between degree of sensitivity and 
therapeutic success so that the isolation of an 
extremely sensitive organism afforded no 
information of prognostic value. 


METHOD OF TREATMENT 


The daily dosage of streptomycin em- 
ployed by us has varied from 1 Gm. to 4 Gm. 
administered by the intermittent intra- 
muscular method with time intervals of 
three or six hours between injections. The 
duration of treatment has been five to seven 
days in most cases. The average daily dose 
has been 1.5 Gm. given for an average of 
7.9 days. The average total dose has been 
11.6 Gm. Alkalinization of the urine with 
2 Gm. of sodium bicarbonate or 2 Gm. of 
sodium citrate every four hours has been 
employed in conjunction with streptomycin 
in eleven cases. 

In our cases no correlation has been ob- 
served between the amount of the daily dose 
of streptomycin and sterilization of the 
urine. Bacteriological arrest occurred in 31 
per cent, 29 per cent, and 33 per cent 
respectively of patients given daily doses 
of 1 Gm., 2 Gm. and 4 Gm. Urinary 
concentration of streptomycin of 100 micro- 
grams per cc. is desirable, and in our experi- 
ence, 1 Gm. of streptomycin daily is the 
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minimum amount which will in most cases 
The strikingly increased antibacterial 
action of streptomycin in vitro at an alkaline 
pH prompted numerous investigators to 
suggest alkalinization of the urine in con- 
junction with streptomycin therapy. * *?!:2627 
In sixty-four cases we have treated without 
the administration of alkali concomitantly 
with streptomycin bacteriuria ceased in 20 
per cent and in eleven cases given alkali 
during streptomycin therapy bacteriuria 
disappeared in 73 per cent. (Table tv.) 
TABLE Iv 


COMBINED USE OF STREPTOMYCIN AND ALKALI IN THE 
TREATMENT OF URINARY TRACT INFECTIONS 


Bacteriuria 
after Therapy 
Therapy Total 
Type of Cases 
Pres- | Ab- 
ent sent 
Streptomycin without concomit- 
ant alkali therapy........... 64 51 13 
Streptomycin with concomitant 
alkali therapy.............. 11 3 8 


The local use of streptomycin in the 
urinary tract by irrigation through catheters 
has not been of value in urinary sterilization 
in the small number of reported cases.”'® 


FACTORS DETERMINING CURE 
It is possible to make a preliminary classi- 
fication concerning the importance to thera- 
peutic success of the various factors which 
one must consider in_ the treatment of 
urinary tract infections. Data are not yet 
available concerning the permanency of the 
cures obtained and it has been previously 
shown that the usual laboratory tests are of 
little value in prognosis for patients in whom 
urinary tract infections have been arres 
with sulfonamides.** 
The largest group of therapeutic fail- 
ures occurs in patients in whom anatomical 
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abnormalities of the genitourinary tract are 
present which prevent the free flow of 
urine and allow the accumulation of residual 
urine. Reduction of the number of bacteria 
in the urine may occur with streptomycin 
therapy but the bacterial count returns to 
its former level either during or immediately 
after termination of treatment. Foreign 
bodies in the urinary tract such as calculi, 
indwelling catheters, suprapubic cystostomy 
or nephrostomy tubes offer a convenient 
portal of entry for reinfection and predis- 
pose to the development of bacteria resist- 
ant to streptomycin. Undrained abscesses 
represent foci which are inaccessible to 
chemotherapeutic agents and prevent clin- 
ical improvement or bacteriological cure. 
Wounds with granulating surfaces or fistulas 
communicating with the urinary tract offer 
such favorable conditions for bacterial 
growth that sterilization of the urine cannot 
be accomplished under such conditions. 
The development by bacteria of high 
resistance to streptomycin is to be regarded 
as the major factor in therapeutic failure. 
This phenomenon is observed frequently 
during the treatment of urinary tract infec- 
tions but also occurs during the treatment of 
bacteremia and pneumonia. Bacteremia 
may arise from an organism which has be- 
come streptomycin resistant in the urinary 
tract. We have treated two of these patients 
in one of whom the etiologic organism was 
Pseudomonas aeruginosa and in the other 
Aerobacter aerogenes. Streptomycin was of 
no value in controlling the bacteremia in 
either instance. The method by which 
streptomycin resistant organisms appear. is 
not completely understood. Resistant bac- 
teria may be derived from sensitive organ- 
isms following exposure to streptomycin by a 
change which occurs in their metabolism 
or resistant bacteria may be already present 
in the original culture and grow into pre- 
dominance following suppression of sensitive 
organisms. In accordance with the perma- 
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nence of streptomycin resistance produced 
by in vitro methods is the persistence of 
resistant organisms in the urinary tract for 
long periods. Eight patients in whom bac- 
teriuria was present with streptomycin 
resistant gram-negative bacilli at the ter- 
mination of streptomycin therapy were 
re-examined six months after treatment and 
in all cases resistant bacilli were still present. 
Other bacteria had appeared in five cases 
which were sensitive to streptomycin but 
they had not been present before or during 
streptomycin therapy and probably repre- 
sented new invaders. It is of interest, how- 
ever, that the bacteria recovered at the 
termination of treatment grew well in the 
presence of 25,000 to 50,000 units of strepto- 
mycin per cc. but those isolated six months 
later were now sensitive to a concentration 
of streptomycin of 5,000 units per cc. but 
resistant to a concentration of 2,500 units 
per cc. 

Mixed infections are more persistent than 
infections with single organisms. ‘The ana- 
tomical lesions associated with mixed infec- 
tions are frequently more complex and 
many of the bacteria are resistant to strep- 
tomycin. Within the range of bacterial 
sensitivity to streptomycin which governs 
‘the treatment of urinary tract infections 
variation in sensitivity does not appear to be 
of importance. Our experience confirms 
that of others”¢ in that bacteria sensitive to a 
concentration of 2 micrograms per cc. before 
treatment were as likely to be replaced by 
highly resistant bacteria of the same type 
as were organisms with an initial sensitivity 
of 32 micrograms per cc. 

In the presence of bacteria which are 
within the usual range of sensitivity no 
additional benefit derives from increasing 
the dose of streptomycin over that which will 
insure a urinary concentration of 100 micro- 
grams per cc. In only rare instances was the 
urine concentration of streptomycin lower 
than 100 micrograms per cc. when a daily 
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dose of 1 Gm. was employed providing the 
fluid intake was limited to 2,500 cc. per 
day. This is a useful method of conserving 
material and increasing the concentration 
of streptomycin in the urine. When fluid 
intake must be maintained at a higher level 
the dose of streptomycin should be cor- 
respondingly increased. When bacteria of 
known borderline resistance are present or 
when Pseudomonas aeruginosa or Strepto- 
coccus fecalis are cultured from the urine a 
minimum dosage of 2 Gm. is advisable. 
Increasing the dose in an effort to eradicate 
resistant bacteria or organisms which are 
becoming resistant is a practise without 
rational basis. The use of maximum dosage 
is indicated at the time treatment is insti- 
tuted, and when bacteria resistant to 
streptomycin are known to be present and 
continuing clinical improvement does not 
justify prolongation of streptomycin therapy 
a different chemotherapeutic agent should 
be selected promptly inasmuch as the re- 
sponse to other agents is not altered by the 
appearance of streptomycin resistance. The 
duration of treatment which is necessary to 
insure the best long term results is not 
known. In those cases in which sterilization 
of the urine occurs the urine culture usually 
becomes negative within seventy-two hours 
after initiation of therapy.*"** In our own 
experience persistence of bacteriuria after 
seventy-two hours of treatment signifies the 
development of streptomycin resistant or- 
ganisms. Beneficial clinical results may be 
apparent upon continuatoin of therapy even 
though the number of bacteriological cures 
is not increased. 

The concomitant use of alkali and strep- 
tomycin to maintain the urine at an 
alkaline pH at which the activity of strep- 
tomycin is considerably enhanced in- 
creases the number of bacteriological cures 
obtained. Sodium bicarbonate, sodium or 
potassium citrate in doses of 2 Gm. every 
four hours is usually sufficient to maintain 
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the urine alkaline. Objections have been 
made to the use of alkali when Proteus sp. is 
present in the urine since an alkaline me- 
dium increases the rate of growth of this 
organism and encourages precipitation of 
calcium phosphate.* The use of alkali may 
not be necessary in pure Proteus sp. urinary 
tract infections if the urine pH is carefully 
followed as the urine is usually alkaline when 
this organism is present. When infection 
with a mixed bacterial flora in which 
Proteus sp. is present occurs the urine may 
become acid following disappearance of 
Proteus sp. and alkali will then be required 
to maintain the urine at an alkaline pH. 
Careful observation should be made for the 
consequences in cardiac patients of fluid 
retention following a large intake of sodium. 


SUMMARY 


1. After parenteral administration strep- 
tomycin appears rapidly in the urine, from 
which 60 to 80 per cent of the dose admin- 
istered can be recovered over a period of 
twenty-four to forty-eight hours after injec- 
tion. The concentration of streptomycin in 
the urine is related to the dose administered, 
volume of urine, and renal function. 

2. The bacteria which occur most com- 
monly in urinary tract infections are Escher- 
ichia coli, Aerobacter aerogenes, Proteus 
sp., Pseudomonas aeruginosa and Strepto- 
coccus fecalis. About 75 per cent of the 
cultures of E.coli, A. aerogenes, and 
Proteus sp. are sensitive to a concentration of 
streptomycin of 20 micrograms per cc. or 
less. Cultures of P. aeruginosa and S. fecalis 
frequently occur which are naturally resist- 
ant and require a minimum concentration 
of 100 micrograms per cc. to inhibit their 
growth. 

3. The marked constitutional symptoms 
and signs accompanying acute pyeloneph- 
ritis or acute exacerbations of chronic 
pyelonephritis usually respond dramatically 
to streptomycin. Mild urinary tract symp- 
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toms and low grade fever respond irregularly 
to streptomycin therapy. Definite clinical 
improvement was observed in 64 per cent of 
our cases. | 

4. Limitation of fluid intake to 2,500 cc. 
daily and a dose of streptomycin of 1 Gm. 
per day will usually insure a urinary con- 
centration of 100 micrograms per cc. 
which appears to be adequate for the treat- 
ment of urinary tract infections providing 
other factors are favorable for cure. If 
Pseudomonas aeruginosa or Streptococcus 
fecalis are present a higher urinary con- 
centration is desirable and a daily dose of 
2 Gm. should probably be employed. 

5. Bacteriuria is diminished temporarily 
in almost all patients treated with strepto- 
mycin. Urinary sterilization occurred in 39 
per cent of our cases, with cases in which 
only a single group of bacteria was present 
responding more favorably than those in 
which a mixed bacterial flora was present. 
Persistence of bacteria after forty-eight 
hours of treatment usually signifies the 
development of streptomycin resistance. 
Exposure to streptomycin does not alter the 
response of bacteria to other chemothera- 
peutic agents. 

6. The readiness with which bacteria 
present in the urinary tract develop resist- 
ance to streptomycin is the major cause of 
failure to achieve urinary sterilization. 
Bacteremia with bacteria resistant to strep- 
tomycin may arise from a focus in the 
urinary tract. Previous treatment with 
streptomycin may preclude its successful 
use at a later time because of the persistence 
of streptomycin-resistant bacteria in the 
urinary tract. 

7. In the presence of anatomical ab- 
normalities presenting indications for uro- 
logical treatment streptomycin therapy is 
disappointing. Poor results are to be ex- 
pected from streptomycin therapy when the 
following conditions exist in the urinary 
tract: (1) obstruction which prevents the 
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free flow of urine and permits accumulation 
of residual urine, (2) foreign bodies such as 
calculi or indwelling catheters, (3) wounds 
with granulating surfaces, and (4) un- 
drained abscesses. Good results are to be 
anticipated under these conditions only if 
urological treatment is undertaken prior to 
or in conjunction with streptomycin therapy. 

8. Alkalinization of the urine concomit- 
antly with streptomycin therapy increases 
significantly the incidence of sterilization of 
the urine with streptomycin treatment. 
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Streptomycin Therapy in Undulant Fever 


GeorcE H. FIncn, M.D. 
DES MOINES, IOWA 


HE first case of ‘Malta Fever’ was 

recognized in Iowa in 1926. During 

the following year, forty-three cases 
were reported to the Iowa Department of 
Preventable Diseases. Since 1927, the yearly 
reviews on undulant fever indicate that lowa 
has had the largest number of reported 
cases in the United States. For the first 
eleven months of 1946, over 500 cases were 
reported in Iowa and there was only one 
death. This patient died with congestive 
heart failure. Blood cultures were positive 
for Br. suis previous to death and the autopsy 
revealed vegetative endocarditis of the aortic 
valves. The organisms were isolated in pure 
culture from the aortic vegetations and the 
disease was then experimentally reproduced 
in the guinea pig. 

The early cases of undulant fever were 
diagnosed only by the agglutination test; 
but later we learned that the agglutination 
test was not infallible and today we regard 
a positive agglutination test as only pre- 
sumptive evidence of active disease. We all 
know that there are a number of factors 
that give cross-agglutinations and false 
positive agglutinins, and thus lead to posi- 
tive agglutinations for undulant fever in 
patients that are ill from other diseases. ‘The 
skin test has never been used as a diagnostic 
aid in any of my cases. Since 1939, the 
brucella organism has been isolated from 
the blood of my undulant fever patients. 
All patients were seen early in the course of 
their illness, and this undoubtedly explains 
in part the large number of positive blood 
cultures. The diagnosis of undulant fever 
was not accepted in any of my ¢ases unless 
the blood culture was positive. I have ob- 
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served two patients with positive blood 
cultures in whom the clinical history was 
suggestive (agglutination positive in a high 
titre), and yet the patients never lost a day 
from their work. These patients were 
observed over a two-year period and they 
did not have any recurrence of symptoms 
suggestive of undulant fever. In a few 
instances a positive blood culture may be 
obtained in patients not acutely ill. The 
patient’s history, physical findings, ex- 
posure, clinical course and complications 
must be considered along with the labora- 
tory tests before a positive diagnosis of 
undulant fever can be established. 

My first patient was treated in October, 
1927, and received enesol (bismuth-mercury 
preparation) intramuscularly. From 1929 
to 1935, many patients were treated with 
vaccines and brucelline (both in the recom- 
mended 0.55 cc. and 1.0 cc. intramuscular 
injections) ; and in 1944, intradermal brucel- 
line in 0.1 to 0.22 was used. The heavy 
brucelline dose was discontinued because 
of the frequent and pronounced reactions. 
Very little reaction developed from the intra- 
dermal injection. This method was used in 
four patients but the results were not impres- 
sive. Convalescent serum was tried in two 
patients who were treated in 1939 and in 
1940. Both patients had a Brucella suis 
organism in their blood streams. Convales- 
cent serum was obtained from patients with 
undulant fever who had recently recovered 
from the disease. Each of the donors had 
had the suis variety of the brucella. The 
clinical response was satisfactory but it was 
impossible to secure an adequate serum 
bank to give this therapeutic agent a con- 


485 


486 


vincing test in a large number of patients. 
Sulfonamide treatments were started in 
1939 but the therapeutic results were un- 
satisfactory. There were many recurrences 
even though the blood concentration of the 
drug was maintained at a high level for a 
period of seven to ten days. In 1944, based 
upon Tsun Tung’s' experimental work, 
patients with undulant fever were treated 
with a combination of sulfathiazole and 
penicillin. From 1944 to 1946, twenty-eight 
of my patients were treated by this com- 
bined therapy and twenty-four were im- 
proved. There were four failures. Any 
patient developing a recurrence, even 
though the relapse was from one to three 
weeks’ duration only, was automatically 
classified as unsuccessful. The twenty-four 
patients previously mentioned were suc- 
cessfully treated as far as acute symptoms 
were concerned; however, the blood culture 
remained positive at the completion of the 
treatment and continued positive for one 
and two months during the convalescent 
stage. All of my patients had an extended 
(six to twelve months) period of convales- 
‘cence. Vitamins, tonics, liver, iron and 
blood transfusions had no effect in reducing 
this period in any of these patients. 

For a period of nineteen years, then, I 
have been testing various therapeutic agents 
in undulant fever, seeking some form of 
therapy that would clear the blood of 
organisms and eliminate the profound 
exhaustive period that followed the pa- 
tient’s recovery from the acute stage. Many 
patients with undulant fever recover within 
a relatively short period of simple sympto- 
matic treatment such as complete bed rest 
until the temperature has been normal for 
two weeks, wholesome food and vitamins. 
Eight patients were so treated during 1945 
and 1946, and there were six recurrences. 
This form of therapy had little effect in 
reducing the patient’s exhaustive con- 
valescent period. The mortality rate of 
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undulant fever has always been regarded 
as very low, that is, about 3 per cent. How- 
ever, at the onset of a patient’s illness there 
are no means of forecasting the outcome. 
In 1945, when the new antibiotic, 
streptomycin, was announced, experimental 
studies indicated that this agent was ef- 
fective in inhibiting the growth of gram- 
negative organisms, including brucella. 
Through the kindness of the Committee on 
Chemotherapy of the National Research 
Council, five patients with acute undulant 
fever were treated with streptomycin be- 
tween April and September, 1946; and 
since then a sixth patient has been treated. 
All of these cases had positive cultures 
before treatment was started. Blood cultures 
were obtained daily during the treatment 
phase and for several days after the com- 
pletion of streptomycin therapy. Not all 
of the blood cultures became negative dur- 
ing the treatment phase. In three patients, 
the blood cultures became negative twenty- 
four to forty-eight hours after beginning 
treatment and remained consistently nega- 
tive during treatment. In three the blood 
cultures remained intermittently positive 
during treatment; but in all of them the 
blood was cultured at weekly intervals after 
the patient’s hospital discharge, for a four- 
week period, and the blood cultures were 
negative in each instance. The routine blood 
examinations were made at the Iowa 
Lutheran Hospital, Des Moines, Iowa. The 
blood culture studies were made in Dr. I. H. 
Bort’s laboratory, University of Iowa, lowa 
City, Iowa. During the previous year the 
National Research Council published re- 
ports”? of cases of undulent fever treated 
with streptomycin. They stated that too 
few cases had been studied to permit any 
conclusions; however, they expressed the 
opinion that streptomycin did not strikingly 
alter the course of the disease in the cases 
studied. The six patients whom I treated 
with streptomycin were actually ill with 
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undulant fever. All of them received daily 
500 mg of ascorbic acid intravenously while 
being treated with streptomycin. Huddle- 
son‘ has indicated that the ascorbic acid 
level in the blood should be kept as high as 
possible, since the complement seems to be 
low during this disease and administration 
of the vitamin serves to maintain the 
complement at a high level. ‘There were no 
chronic cases in this series. 


CASE REPORTS 


CasE1. N.C.,acolored male, age thirty-four, 
showed positive agglutination tests (1/1280) for 
Br. suis infection; tests for typhoid fever and 
tularemia were negative. Streptomycin treat- 
ment was started on the ninety-eighth day of the 
patient’s illness, March 27, 1946. The patient 
responded immediately to streptomycin. The 
antibiotic was discontinued on the one hundred 
third day of illness, April 1st, 1946. This patient 
received a total of 20 Gm. of streptomycin. 
There were no reactions to the, antibiotic. The 
blood cultures were positive on the ninety-fifth 
and ninety-sixth day of the illness, contaminated 
on the ninety-seventh day, negative on the 
ninety-eighth and ninety-ninth, positive on the 
one hundredth and one hundred first day, 
negative on the one hundred second and positive 
on the one hundred third to one hundred fifth 
day inclusive. Unfortunately, no blood cultures 
were obtained after the patient’s discharge from 
the hospital. The patient returned to his occu- 
pation on May 20, 1946. This day would repre- 
sent the one hundred fifty-sixth day since the 
onset of his illness. 


Comments. ‘This was the first patient 
treated with streptomycin. There were no 
recurrences of the disease and the clinical 
response in this patient was satisfactory. 
In view of our present knowledge, this 
patient should have been given a larger 
total dose of streptomycin. 


Case u. R. B., a colored male, age twenty- 
nine, had a blood culture taken on February 19, 
1946, which was positive for Br. abortus. 
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Agglutination tests taken on the same day were 
positive for brucellosis 1/1280 and negative for 
typhoid fever and tularemia. This patient was 
treated symptomatically at his home from 
February 16 to April 1, 1946. The “non- 
specific’ treatment had no effect upon his 
symptoms or the course of the disease. The 
patient was hospitalized on the fifty-first day 
(April 1, 1946) of his illness. He was then given 
the combined sulfathiazole-penicillin therapy. 
The blood sulfonamide level was maintained 
at 4 Gm. per 100 cc. and 40,000 units of peni- 
cillin were given intravenously, every three 
hours. The patient received this treatment for a 
seven-day period. Daily blood cultures were 
negative with one exception. This therapeutic 
measure was unsuccessful since there was a 
recurrence of the disease immediately following 
the patient’s discharge from the hospital. On 
April 24, 1946, the patient re-entered the hos- 
pital. Streptomycin was started on the ninety- 
fourth day of his illness. The blood culture was 
positive on the ninety-third day and negative 
from the ninety-fourth to the one hundred 
third day. Streptomycin was discontinued on 
the one hundred second day of illness. Blood 
cultures on the one hundred fourth and one 
hundred fifth day of illness were positive. The 
patient’s reaction to streptomycin was first 
apparent on May 27, 1946, by recurrence of the 
fever, oliguria on May 29th, and a skin rash on 
May 30th. The blood urea nitrogen, May 29, 
1946 was 42.3 mg. per 100 cc. blood. The urine 
gave a positive reaction for sugar on May 26th, 
27th and 30th. Streptomycin was discontinued 
on the one hundred second day of his illness 
because of the reactions. The reactions immedi- 
ately ceased when the antibiotic was discon- 
tinued. The total parenteral (intramuscular) 
dose of streptomycin was 38 Gm. Blood cultures 
were obtained at weekly intervals after his 
hospital discharge. All cultures were negative 
and there were no further recurrences of 
brucellosis. 


Comments. Recovery was complete and 
uncomplicated. A total of twenty-six blood 
cultures were obtained: from this pa- 
tient during his treatment and convalescent | 


stage. 
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CasEm. R.T., a white male, fifty-four years 
of age, had a blood culture taken on April 5, 
1946, and Br. suis was isolated. On the same day 
agglutination tests were positive for brucellosis 
1/640 and negative for typhoid fever and 
tularemia. Streptomycin therapy was started on 
the patient’s one hundred forty-fourth day of 
illness (May 24, 1946). He received a total of 
33 Gm. of streptomycin. The antibiotic was 
discontinued on the seventh treatment day 
because of reactions. Traces of albumin first 
appeared in the urine on the third day of treat- 
ment and remained present until the drug was 
discontinued. Hyaline casts and red blood cells 
were also present in the urine during this four- 
day period. The test for sugar was positive dur- 
ing the same period that albumin was present 
in the urine specimen. The blood urea was 25.3 
mg. on the sixth treatment day, 25 mg. on the 
eighth treatment day, 17.4 mg. two days after 
the streptomycin was discontinued, and 15.0 mg. 
two days later. A skin eruption first appeared 
twenty-four hours after streptomycin had been 
discontinued; however, the rash completely 
disappeared four days later. Blood cultures were 
obtained at weekly intervals (for a four-week 
period) after the patient’s hospital discharge. 
These cultures were negative. 


Comments. ‘The patient had no recur- 
rence of the disease and there were no 
remaining after-effects from the _ strepto- 
mycin reactions. 


CasE Iv. K. W., a colored male, age thirty- 
six, Was treated symptomatically at his home 
from June 27 to June 29, 1946. His temperature 
fluctuated between 100° and 104.6°r. during 
that period. The blood culture was positive 
for Br. suis. Agglutination tests on June 17, 
1946, were positive for undulant fever 1/320 
and negative for typhoid fever and tulare- 
mia. The patient entered the hospital on 
June 30, 1946, the twenty-second day of his 
illness. Streptomycin was started on the twenty- 
fourth day. Reactions were noted early after 
medication was started. On the first day, the 
_ temperature reached 105.4°r. and on the second 
day there was a chill. The chill might have been 
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related to the disease and unrelated to the 
streptomycin. Faint traces of albumin were 
consistently present in the urine during the 
treatment phase. Crystals were also noted in 
the urine specimen during this period. There 
were no other reactions to the antibiotic. The 
blood urea nitrogen was always within normal 
limits. The patient received a total of 51 Gm. of 
streptomycin between the twenty-fourth and 
thirty-fourth day of his illness. He was also given 
400,000 units of penicillin between the thirty- 
fourth and thirty-fifth day of his illness. Blood 
culture reports were as follows: positive on the 
day that streptomycin treatment was started, 
negative on the third, fourth, seventh and eighth 
days, positive on the ninth day, negative on the 
tenth and eleventh days, positive on the first 
and second days after streptomycin was dis- 
continued, and negative on the third day 
following treatment. 


Comments. ‘The patient’s clinical response 
to streptomycin was considered to be satis- 
factory in this case. There were no recur- 
rences of the disease. The patient returned 
to his work on August 20, 1946, which 
would represent approximately the seventy- 
third day after the onset of his illness. 


CasEv. H. F., a white male, thirty-five years 
of age, had a blood culture taken which showed 
the presence of Br. suis. Agglutination tests on 
August 7, 1946, were positive for undulant fever 
1/1280 and negative for typhoid fever and 
tularemia. The patient was first seen on the 
fifteenth day of his illness. The case was referred 
to me by Dr. N. Boyd Anderson. The patient’s 
temperature on the fifteenth and seventeenth 
day of his illness varied from 96.8 to 105.8°r. 
Sulfathiazole-penicillin was started the eight- 
eenth day of the patient’s illness. The patient’s 
blood culture was unknown at that time and I 
was awaiting permission from the N.R.C. to 
start streptomycin. This therapy was discon- 
tinued on the twenty-first day of the illness and 
streptomycin treatment was started on the same 
day. There were no reactions to the antibiotic. 
The daily blood cultures became negative 
twenty-four hours after streptomycin was started, 
and they remained consistently negative. 
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Comments. ‘The patient received a total 
of 50 Gm. of streptomycin. The clinical 
results were excellent and there were no 
recurrences of the disease. 


Case vi. P. B., a white male, age forty-three, 
had a blood culture taken which showed the 
presence of Br. suis. Agglutination tests were 
positive for undulant fever 1/320, negative for 
typhoid fever and weakly positive for tularemia 
1/80. The patient was treated symptomatically 
for a two-week period. Sulfathiazole-penicillin 
therapy was started on the twenty-first day of 
the patient’s illness. This form of therapy was 
discontinued on the twenty-sixth day because 
of the patient’s sensitiveness to sulfathiazole. 
Streptomycin therapy was started on the twenty- 
seventh day of the patient’s illness. The patient 
received only 30 Gm. of the antibiotic because 
of the high cost of this form of therapy. Blood 
cultures were obtained daily and these became 
negative twenty-four hours after the treatment 
was started. There were fifteen blood cultures 
in all. The cephalin-cholesterol flocculation test 
was positive before the streptomycin was started 
and negative at the completion of therapy. 


Comments. ‘The clinical results were ex- 
cellent; however, the patient developed a 
severe generalized eruption over his entire 
body. An attending dermatologist diagnosed 
the condition as erythema multiforme bul- 
losum and said that sulfathiazole was proba- 
bly responsible for the skin complication. 

Streptomycin Dosage. The total dose of 
the antibiotic varied for each patient. The 
daily dosage was 5 Gm., intramuscularly 
in divided doses of 0.625 Gm., every three 
hours. Normal saline was used as a diluent. 
The first patient received 20 Gm. of strepto- 
mycin. The second received 38 Gm. but 
streptomycin was discontinued because of 
reactions. The third patient received 33 Gm. 
but the antibiotic was again discontinued 
because of reactions. The fourth patient 
received 51 Gm., and the fifth received 50 
Gm. The sixth received only 30 Gm. 

Laboratory Data in Each Case. Daily red 
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and white blood determinations, blood 
cultures, and urinalyses were obtained. 
Every other day blood urea nitrogens and 
sedimentation rates were done. Hanger’s 
cephalin flocculation test was made in the 
sixth case at the beginning and at the com- 
pletion of streptomycin therapy. 

Reactions to Streptomycin. ‘This new anti- 
biotic should be used with care and patients 
should be closely observed while receiving 
this form of therapy. In the present series, 
no patients developed eighth cranial nerve 
involvement; however, the routine labora- 
tory tests indicated possible injury to the 
liver and kidney. The urinary crystals 
observed were undoubtedly the results of 
the action of streptomycin upon the kidney, 
and not streptomycin crystals. This latter 
is my personal assumption. The reactions 
promptly disappeared when streptomycin 
was discontinued. The antibiotic was im- 
mediately stopped as soon as a severe 
reaction appeared. 


SUMMARY 


Our series of six cases is too small to 
formulate any final conclusions. The experi- 
ments were interesting and the results were 
very encouraging. 

In the past, our therapy has been un- 
satisfactory for two reasons: (1) There were 
too many recurrences of the original infec- 
tion, usually from two to five, and (2) 
extremely prolonged, exhaustive convales- 
cent stage that followed the patient’s 
apparent recovery from the acute phase of 
his illness; this period varied from four to 
twelve months. In the six patients treated 


_with streptomycin the following favorable 


factors were noted: (1) There was an im- 
mediate decrease in the elevated tempera- 
ture. (2) There was an elimination of 
subjective symptoms (chills, sweats, ano- 


_ rexia, muscle weakness) and earlier return 


of appetite. In the past I have always 
regarded the appearance of a ravenous 
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appetite as a good omen. (3) There were 
no recurrences or relapses of the infection 
after the antibiotic was discontinued. (4) 
There was a marked decrease in the length 
of the convalescent stage. This was a very 
significant factor. Convalescence in the 
streptomycin-treated patients did not ex- 
tend beyond a sixty-day period. 


CONCLUSIONS 


I believe that streptomycin is an excellent 
therapeutic agent for the treatment of acute 
undulant fever. All six patients, as previ- 
ously explained, responded better to this 
new form of therapy than to any other 
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therapeutic measure used in the previous 
nineteen years. In this series of six cases, 
five were of the Brucella suis and one of the 
Brucella abortus strain. There were no 
cases of the Brucella melitensis variety. 
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HE toxicity of a chemotherapeutic 

agent cannot be properly considered 

apart from the diseases for which 

it is to be used. Virtually any drug, on 
occasion, may produce untoward reactions 
in certain individuals. Evaluation of toxi- 
city, therefore, consists principally in deter- 
mining the relative dangers of drug and 
disease. The infections in which strepto- 
mycin therapy is of benefit are discussed 
in the other papers of this symposium. It 
is against that background of the potential 
dangers of these individual diseases that the 
subsequent discussion should be considered. 
The problem of the toxicity of strepto- 
mycin is complicated by the fact that the 
preparations which have been in clinical 
use have varied widely from extremely 
crude to highly purified substances. Thus, 
it- has not always been possible to establish 
whether a particular manifestation of toxi- 
city was produced by the antibacterial 
agent itself or resulted from associated 
impurities. In a study, which is published 
elsewhere,' an attempt has been made to 
define the respective réles of antibacterial 
agent and impurities by the long continued 
administration of highly purified strepto- 
mycin sulfate to a group of seventeen 
tuberculous individuals. Subsequent to the 
study, approximately forty additional pati- 
ents with tuberculosis have been treated on 
the same regimen (3.0 Gm. daily) with the 
same preparation of streptomycin for periods 
of two to four months. The highly purified 
streptomycin was prepared from crystalline 
material* and is estimated to be at least 


*A part of the highly purified streptomycin was 


95 per cent pure. This experience, together 
with similar experience with less purified 
streptomycin, forms the basis of the present 
discussion. 

The untoward reactions which various 
investigators,”~* have observed during the 
administration of streptomycin are of five 
general types: (1) the so-called “histamine”’ 
reaction; (2) irritation at the site of injection 
and on topical application; (3) various 
manifestations of anaphylaxis; (4) evidences 
of renal irritation occasionally accompanied 
by impairment of renal function and (5) a 
neurologic disturbance characterized by 
vestibular dysfunction and occasionally by 
deafness. | 


HISTAMINE REACTION 


The so-called histamine reaction is largely 
of historic interest, as the substance responsi- 
ble for its occurrence is no longer present 
in the preparations of streptomycin which 
are available for clinical use. The -reaction 
would appear shortly after the intravenous 
or intramuscular administration of certain 
lots of streptomycin and was characterized 
by flushing, headache and an abrupt fall 
in arterial pressure. The resemblance be- 
tween the reaction and the phenomena 
produced by an injection of histamine and 
the fact that histaminase-treated streptomy- 
cin would no longer produce the reaction 
in animals,’® constitute the basis for the 
implication of histamine. The complete 


supplied by the National Research Council Committee 
on Chemotherapeutics and Other Agents, Dr. Chester 
S. Keefer, chairman, and the remainder was generously 
donated by Charles Pfizer and Company, Brooklyn, 
N. Y. 


* From the Department of Medicine, Cornell University Medical College and the New York Hospital, New York, N. Y. 
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absence of this reaction, following the 
administration of the partially purified 
streptomycin in general use during 1946 
and 1947, indicates that this manifestation 
of toxicity was produced by a contaminating 
substance. 


LOCAL IRRITATION 


The intramuscular administration of par- 
tially purified streptomycin may, on occa- 
sion, give rise to a considerable degree of 
soreness and induration at the site of injec- 
tion. There does not seem to be any differ- 
ence between the sulfate or the hydrochloride 
salts of streptomycin in the production of 
this local irritation. Moreover, it would not 
appear as if the choice of vehicle, distilled 
water or isotonic saline, plays a significant 
role in the phenomenon. It is virtually 
certain that pain and soreness at the injec- 
tion site are caused by adventitious sub- 
stances which can be removed by a high 
degree of purification. The highly purified 
material produced no more local reaction 
on intramuscular administration at three- 
hour intervals for 120 days than is observed 
from the comparable administration of the 
most highly purified preparations of peni- 
cillin in current use. 


TOPICAL APPLICATION 


Intrathecal Administration. ‘The intrathecal 
administration of 0.05 to 0.1 Gm. of 
partially or highly purified preparations of 
streptomycin to individuals with or without 
central nervous system disease is usually 
well tolerated. Occasionally, particularly 
when relatively impure material is used, the 
intrathecal administration of such doses is 
followed by headache, vomiting and a 
moderate increase in the number of cells 
in the cerebrospinal fluid. For this reason 
it 1s advisable to use the most purified 
material available when streptomycin is to 
be administered by the intrathecal route. 
It is probable that the repeated intrathecal 
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instillation of streptomycin does produce a 
slight degree of irritation. 

Not infrequently, the patient will com- 
plain of pain over the sacrum and posterior 
thighs during the twelve to twenty-four 
hours immediately following intrathecal 
treatment. Usually this symptom disappears 
after one or two weeks of intrathecal therapy 
even though the latter is continued. 

A sustained pleocytosis in the neighbor- 
hood of 200 to 900 cells per cu. mm. is 
customarily present in the cerebrospinal 
fluid of individuals with tuberculous menin- 
gitis throughout the entire period of intra- 
thecally administered therapy. One or two 
weeks after the cessation of such therapy, 
the total cell count usually approaches or 
attains normal values without appreciable 
changes in the other components of the 
fluid. The degree of such irritation must be 
slight, however, for postmortem examina- 
tion of four individuals who had received 
20 to 100 intrathecal injections of the highly 
purified streptomycin failed to reveal any 
evidence suggestive of local irritation in the 
meninges or brain. 

The intrathecal administration of doses 
larger than 0.1 Gm. (e.g., 0.2 to 0.4 Gm.) 
may be associated with the appearance of 
definite signs of toxicity even though highly 
purified streptomycin is used. Within less 
than an hour after the treatment, headache, 
vomiting and nystagmus may appear. 
During the ensuing twenty-four hours the 
patient is somnolent and occasionally may 
be semistuporous. Respirations may be 
slowed and transient retention of urine in 
the bladder may occur. During the second 
twenty-four hours after the intrathecal 
instillation the evidences of toxicity usually 
disappear completely. Thus far, no in- 
stances of transverse myelitis have been 
observed. In at least several individuals, 
however, the repeated intrathecal adminis- 
tration of 0.2 to 0.4 Gm. streptomycin 
(partially purified) has been associated with 
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the appearance of delirium which in one 
instance"! resembled a Korsakoff’s psycho- 
sis. In these individuals, the evidences of 
cerebral involvement slowly disappeared 
after cessation of streptomycin therapy. 

It is possible that accumulation of the 
drug after repeated administration may be 
partly responsible for these neurologic 
reactions. Bio-assay of the cerebrospinal 
fluid twenty-four to seventy-two hours 
after an intrathecal injection of 0.2 to 0.4 
Gm. of streptomycin usually reveals the 
presence of an appreciable concentration of 
the drug. 

As streptomycin is administered intra- 
' thecally only in the presence of central 
nervous system infection, it is difficult and 
frequently impossible to decide whether 
particular clinical manifestations such as 
described above represent the results of 
infection or toxicity. Therefore, when such 
phenomena are encountered, it. is advisable 
to interrupt the intrathecally administered 
therapy for a period of several days to a 
week and to resume therapy only with 
caution. Moreover, at the present time it 
would appear that the single dose of 0.1 
Gm. for intrathecal administration to an 
adult should not be exceeded. 

Topical Use Other Than Intrathecal. An 
extensive experience has not yet been 
accumulated on the instillation of strepto- 
mycin into body compartments other than 
the subarachnoid space. From isolated 
observations, however, it would seem that 
the introduction of a 1 per cent solution of 
streptomycin (partially or highly purified) 
into the pleural or peritoneal cavities is well 
tolerated. 


MANIFESTATIONS OF ANAPHYLAXIS 
Phenomena which presumably represent 
manifestations of anaphylaxis are encoun- 
tered with greater frequency during the 
administration of streptomycin than during 
treatment with the sulfonamides or peni- 
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cillin. Usually, however, it is not necessary 
to discontinue streptomycin therapy because 
of these reactions. Three general types of 
presumed anaphylactic phenomena have 
been observed: fever, dermatitis and eo- 
sinophilia. Although all three types of 
reaction are frequently present together, 
each may appear as an isolated phenomenon. 

Fever. A sustained fever of considerable 
degree (102° to 104°F.) may occur as an 
apparent reaction to the administration of 
partially purified streptomycin. It is by no 
means certain that sustained fever of this 
type is a manifestation of anaphylaxis. It is 
unlikely, however, that such fever reflects 
the presence of pyrogens in the particular 
preparation of drug used, for the fever does 
not usually appear until after five to seven 
days of therapy. As with drug fevers of 
other origin the sustained fever of strepto- 
mycin therapy is characterized by: (1) the 
fact that the patient appears much less ill 
than would be anticipated from the height 
of the fever; (2) an absence of collateral 
signs of infection notably leukocytosis and 
(3) abrupt defervescence after cessation of 
therapy. It is of interest that fevers of this 
character have not been observed as 
yet following the use of highly purified 
streptomycin. 

Dermatitis with or without Fever. In a 
small number (perhaps 5 per cent) of the 
individuals who receive streptomycin a 
definite eruption will appear during the 
second or third weeks of therapy. The rash 
is identical with the toxic eruptions caused 
by many other chemotherapeutic agents 
and may be morbilliform, maculopapular 
or merely a blotchy erythema. It is usually 
pruritic and may progress to a superficial 
scaling dermatitis accompanied by peri- 
orbital edema and enlargement of the 
lymph nodes. The intensity of the constitu- 
tional symptoms which may accompany 
such a reaction varies considerably. In 
some instances the appearance of the erup- 
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tion is associated with an influenza-like 
syndrome with fever, headache, nausea, 
vomiting, pains in the muscle joints, leuko- 
penia and eosinophilia. Occasionally, at 
the height of the reaction there is an abrupt 
fall in arterial pressure. The latter phe- 
nomenon is distinct from the histamine 
reaction described previously and is appar- 
ently similar to the nitritoid reaction which 
is observed during therapy with certain 
organic arsenicals. In the streptomycin 
reaction the arterial pressure’ usually 
returns to the normal range within a few 
hours. If streptomycin therapy is discon- 
tinued, the constitutional symptoms usually 
disappear completely within twenty-four 
hours and the eruption fades during the 
succeeding week. 

In the majority of the patients who 
develop toxic eruptions, however, the con- 
stitutional symptoms are minimal or absent 
and the principal phenomena are pruritus 


and eosinophilia. In these individuals the . 


continued administration of the streptomy- 
cin is usually associated with a persistence 
of the itching. Although the latter may be 
relieved considerably by the use of anti- 
histamine agents such as pyribenzamine or 
benadryl, the symptom usually persists as 
long as the patient continues to receive 
streptomycin. 

In addition to these individuals who 
present frank dermatologic evidence of 
anaphylaxis, another group, probably equal 
in size, develop questionable phenomena, 
which consist of such findings as an ephe- 
meral itching eruption localized to an ante- 
cubital fossa or a transient conjunctivitis. 
It is impossible to be certain that such trivial 
clinical phenomena are related to the ad- 
ministration of the streptomycin. As with 
the overt eruptions, however, these trivial 
and ephemeral rashes usually appear during 
the first three weeks of therapy and are 
accompanied by eosinophilia. 


Eosinophilia without Eruption. 1n addition 
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to the individuals who develop eosinophilia 
in the course of a definite or questionable 
eruption, a number develop cosinophilia 
without other evidence of drug sensitiza- 
tion. It is impossible at present, to estimate 
the precise incidence of this phenomenon 
but it is apparently high particularly among 
those individuals who receive streptomycin 
therapy for several months. Eosinophilia of 
5 per cent or more appeared at some time 
during the four months of therapy in four- 
teen of the first sixteen patients who received 
highly purified streptomycin. In nine of 
these individuals the phenomenon did not 
appear until the second or third months of 

therapy. 

The eosinophilia varies from an intermit- 
tent phenomenon present for one or two 
weeks at a time, to a constant finding which 
persists as long as sixty to a hundred days. 
In general, the eosinophilia ranges between 
10 and 15 per cent but not infrequently may 
be sustained between 25 and 40 per cent for 
as long as four or five weeks. The percentage 
of eosinophiles usually falls to within the 
normal range during the month succeeding 
the cessation of streptomycin therapy. 

In the study of highly purified streptomy- 
cin, there was one instance in which sus- 
tained eosinophilia was accompanied by an 
acute synovitis which involved the proximal 
interphalangeal joints of the hands and feet. 
As the joint symptoms largely subsided 
despite continuation of streptomycin ther- 
apy the relation of the synovitis to the drug 
is questionable. Other than this (and save 
for the eruptions mentioned previously) the 
eosinophilia observed during the administra- 
tion of either partially or highly purified 
streptomycin has not been accompanied 
by symptoms suggestive of diffuse vascular 
disease. 

Continuation of Therapy in the Presence of 
Manifestations of Anaphylaxis. From avail- 
able experience with streptomycin it is 
probable that in most instances no imme- 
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diately serious situation would be precipi- 
tated by continuing streptomycin therapy in 
the presence of evidences of anaphylaxis. It 
is not yet established, however, that the 
sensitivity reactions observed with the use of 
streptomycin and other chemotherapeutic 
agents, are transient phenomena completely 
free from implications concerning the pa- 
tient’s future health. Until the exact signifi- 
cance of drug sensitivity reactions can be 
established it is advisable to regard them 
as potentially dangerous and as indications 
for a complete revaluation of the relative 
dangers of drug and disease. Thus if the 
patient is acutely ill or has an infection 
which continues to constitute a definite 
threat, it is proper to continue streptomycin 
therapy despite evidences of anaphylaxis. 
Conversely, if the infection for which ther- 
apy was instituted has largely subsided and 
relapse is not anticipated, it is advisable to 
discontinue the antibacterial treatment. 
There are situations, particularly in the 
treatment of tuberculosis, in which although 
the infection carries no immediate threat, it 
is undesirable to discontinue streptomycin 
therapy permanently. In such a situation, 
when manifestations of anaphylaxis appear, 
it is proper to discontinue therapy and to 
administer single test doses of streptomycin 
at weekly intervals. Therapy may be re- 
sumed (usually within three to four weeks) 
when the test doses no longer evoke evi- 
dences of drug sensitivity. 
RENAL FUNCTION 

The administration of streptomycin is not 
infrequently accompanied by cylindruria 
and occasionally by a minimal degree of 
albuminuria. On the basis of the experience 
thus far, it would not appear that these 
findings represent an important manifesta- 
tion of toxicity. In a small number of 
individuals, however, (perhaps 1 to 3 per 
cent) the administration of streptomycin 
is associated with a significant reduc- 
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tion in renal function accompanied by an 
increase in the concentration of urea nitro- 
gen in the blood. Moreover, the writer has 
observed one instance of a fatal nephrosis 
which was apparently produced by the 
administration of partially purified strepto- 
mycin. It should be emphasized, however, 
that in virtually all instances observed thus 
far in which significant impairment of renal 
function has appeared during therapy, 
overt or probable renal disease had existed 
before streptomycin treatment was started. 

The apparently benign cylindruria is 
present sporadically during streptomycin 
therapy and may appear within forty-eight 
hours of the initiation of treatment. Granu- 
lar, hyaline and occasionally cellular casts 
may be excreted. The number of casts varies 
from a few to as many as fifteen or twenty 
per low powered field of a centrifuged speci- 
men. The intensity of the cylindruria varies 
directly with the degree of acidity of the 
urine. If a neutral or slightly alkaline urine 
is excreted the cylindruria is minimal or 
absent. Conversely the cylindruria is ac- 
centuated if a highly acid (pH 4.5 to 5.0) 
urine is elaborated. Cylindruria which is 
present during the latter part of a course of 
streptomycin therapy disappears promptly 
with the cessation of treatment. Although a 
minimal degree of albuminuria may accom- 
pany the cylindruria, hematuria definitely 
attributable to streptomycin has not been 
observed. 

The nitrogen retention and reduced renal 
function (urea clearance) which occurs in a 
small number of treated patients presum- 
ably represents a more advanced form of the 
same process which produces the sporadic 
cylindruria. The reduction in the urea 
clearance and the retention of nitrogen 
usually do not appear until after several 
weeks of streptomycin therapy. Usually, 
though not invariably, the renal impair- 
ment is accompanied by a moderate degree 
of albuminuria and cylindruria. The exact 
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nature of the process is by no means clear. 
In one instance observed by the writer a 
reduction in urea clearance to 40 per cent 
and an increase in blood urea nitrogen to 
approximately 25 mg. per 100 cc. occurred 
during the first month of streptomycin 
therapy and were maintained for approxi- 
mately three months. Despite the continua- 
tion of therapy, however, during the fourth 
month the values for the urea clearance and 
blood urea nitrogen slowly returned to 
normal range. In another individual the 
urea clearance fell to 20 per cent and the 
blood urea nitrogen rose to approximately 
45 mg. per 100 cc. at the end of a sixty-day 
course of streptomycin therapy. These 
values remained essentially unchanged dur- 
ing the four months following the cessation 
of treatment and during a_ subsequent 
ninety-day course of streptomycin therapy. 

The instance of fatal nephrosis mentioned 
previously occured in a forty-two year old 
woman who received 4 Gm. of partially 
purified (1945) streptomycin daily as treat- 
ment for a moderately severe typhoid fever. 
On the fourth day of therapy she developed 
hemoglobinuria and anuria which termi- 
nated fatally approximately twenty-four 
hours later. At necropsy a severe dissemi- 
nated necrosis of the convoluted tubules and 
extensive arteriolosclerosis were present. 
The tubular necrosis was similar to that seen 
after the administration of mercuric chlor- 
ide, uranium nitrate or potassium di- 
chromate. There were no changes in the 
kidneys which resembled the lesions of 
typhoid fever. It was considered probable 
that the observed nephrosis represented a 
toxic effect of streptomycin on previously 
damaged kidneys. It should be emphasized 
that such serious reactions must be rare, for 
in the treatment of urinary tract infections 
streptomycin is frequently administered in 
the presence of renal insufficiency without 
producing further impairment of renal 
function. 


Streptomycin Toxicity—McDermott 


On the basis of admittedly incomplete in- 
formation the situation in regard to renal 
damage from streptomycin may be sum- 
marized as follows: (1) Both partially puri- 
fied and highly purified preparations of the 
drug give rise to sporadic cylindruria in a 
large number of instances. This phenom- 
enon is apparently benign, can be largely 
prevented by the maintenance of an alkaline 
urine, and is not an indication for the 
interruption or cessation of streptomycin 
therapy. (2) In a small number of indi- 
viduals, chiefly those with pre-existing renal 
damage, the administration of streptomycin 
results in a reduction in renal function and 
an elevation of the blood urea nitrogen. In 
at least some of these individuals the process 
is reversible. Until the problem is more 
clearly defined, however, it is advisable to 
regard a rising urea nitrogen as a definite 
indication for either the cessation of therapy 
or the reduction of dosage to no more than 
1 Gm. daily. An additional reason for cau- 
tion in the presence of renal insufficiency is 
the possible relationship between the reten- 
tion of streptomycin and the development 
of deafness which is discussed below. 


NEUROLOGIC REACTIONS 


The neurologic reactions are undoubtedly 
the most important toxic reactions to 
streptomycin and constitute virtually the 
only serious handicap to the prolonged use 
of the drug. There are two types of reaction: 
vestibular dysfunction, which occurs fre- 
quently, and impairment of hearing which 
develops only rarely. 

Vestibular Dysfunction. ‘The onset of this 
reaction appears to bear a definite relation- 
ship to the size of the daily dose and the 
duration of treatment. In general, the reac- 
tion appears at the end of the fourth week 
on a 1 or 2 Gm. daily dose; at the end of the 
third week on a 3 Gm. daily dose and during 
the second week on larger doses. When a 
small daily dose (1 or 2 Gm.) is adminis- 
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tered for only seven to ten days, the 


reaction does not usually become clinically _ 


evident at all. Vestibular dysfunction ap- 
pears with the same uniformity and appar- 
ently the same degree of severity after the 
use of either partially purified or highly 
purified streptomycin. 

The reaction is characterized by the ap- 
pearance of headache or a sensation of 
“heaviness in the head” which disappears 
within twenty-four hours and is followed 
by the development of a sensation which 
resembles vertigo. The symptom differs 
from vertigo in that a rotary component is 
lacking. The afflicted individuals experience 
a sensation of “‘overshooting the mark” 
when a sudden movement is made. For 
example, immediately after completing the 
movement of rolling over in bed, the patient 
feels as if he is continuing to roll over and 
over. On reaching for an object he feels as if 
his hand is progressing three or four inches 
past the object although past-pointing is not 
actually present. Occasionally, the patient 


will note that there is a momentary delay in. 


focusing the eyes after a sudden change in 

There is a considerable variation in the 
degree of vestibular dysfunction noted by 
different individuals on the same regimen of 
dosage. In approximately one-third of the 
patients (who receive a streptomycin for one 
month or more) the reaction is negligible 
and discovered only by careful questioning. 
In the remainder, the disorder is moderately 
severe or severe. In such instances, at the 
peak of the reaction, the patients are unable 
to walk or to sit up in bed unassisted and 
may be acutely uncomfortable even while 
lying flat. Nausea is likely to be produced 
by change in position and may be accom- 
panied by vomiting. The symptoms usually 
persist in acute form for seven to ten days 
and then subside to the point where only an 


unusual stimulus such as a sudden shaking ~ 


of the head would produce the symptoms 
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momentarily. Some individuals, however, 
although symptom-free while sitting erect in 
bed, may have difficulty when an ambula- 
tory regimen is resumed. In the majority of 
instances the symptoms of minimal vestibu- 
lar dysfunction persist for approximately 
sixty to ninety days and then disappear 
except when the individual attempts to 
walk in complete darkness. A minority of 
those afflicted (precise number not yet 
established) have some difficulty in walking 
even in the daylight for as long as six or 
eight months after the acute reaction. Usu- 
ally, however, as long as the individual can 
orient himself visually, he can walk without 
obvious ataxia. It should be noted that such 
individuals do not have to watch their feet 
while walking but unconsciously maintain 
their balance by orienting themselves to any 
fixed objects. 

Nystagmus appears in association with 
the vestibular dysfunction in surprisingly 
few instances. With the use of quantitative 
technics for caloric stimulation it is usually 
possible to demonstrate hypofunction of the 
vestibular apparatus which persists for 
many months after the acute reaction. 

The mechanism by which the vestibular 
dysfunction is produced is not known and 


' presumably the site of the lesion may be 


either in the labyrinth or in the brain. 
There is evidence which suggests that at 
least part of the dysfunction is in the nature 
of an intoxication which is reversible up to a 
certain point, but which results in more per- 
sistent damage if the administration of 
streptomycin is continued. For this reason it 
is advisable to discontinue streptomycin at 
the first sign of dysfunction, or preferably to 
stop therapy before the time at which the 
reaction customarily appears. 

If the nature of the infection which is 
being treated is such that the cessation of 
therapy is inadvisable, symptomatic recov- 
ery, as described above, will occur despite 
the continued administration of streptomy- 
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cin. It should be realized, however, that 
such immediate recovery apparently repre- 
sents the activation of compensatory mech- 
anisms and does not reflect a return of 
vestibular function. As would be anticipated, 
the degree of compensation varies among 
individuals and may be appreciably less 
complete in elderly individuals. It is not 
known whether any degree of vestibular 
(i.e., not merely symptomatic) recovery is to 
‘be expected in those individuals whose 
dysfunction has persisted for many months 
after the cessation of therapy. From a few 
isolated observations’* there is reason to 
hope that in some instances at least, true 
functional recovery may be possible. 
Deafness. In the Cornell-New York 
Hospital series, bilateral nerve deafness 
ranging between 50 and 100 per cent in 
extent, occurred in seven of the first one 
hundred patients who received streptomy- 
cin. The reaction occurred following the use 
of the highly purified streptomycin as well 
as after administration of the less pure 
material. The significance of this reaction, 
in terms of the toxicity to be expected from 
streptomycin, is much less alarming, how- 
ever, than is suggested by this relatively high 
incidence. Five of the seven individuals had 
tuberculous meningitis and had received 
prolonged streptomycin therapy by the in- 
trathecal route. The two patients who 
became deaf in the absence of meningitis 
(or intrathecal therapy) had marked renal 
insufficiency which resulted in the _ per- 
sistence of unusually high concentrations of 
streptomycin in the blood. Moreover, aside 
from these two types of cases, deafness was 
observed in the Mayo Clinic series only in 
patients who received unusually large doses 
of streptomycin (5 to 10 Gm. daily). Thus 
in the combined Mayo Clinic and Cornell-— 
New York Hospital series, deafness has ap- 
peared in only three types of cases: (1) 
individuals who have received unusually 
high daily doses; (2) individuals who have 
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received 1 to 4 Gm. daily in the presence of 
marked renal insufficiency; (3) individuals 
(with tuberculous meningitis) who have 
received streptomycin intrathecally. 

The limitation of the reaction to these 
three types of cases strongly suggests that the 
development of deafness during streptomy- 
cin therapy is largely a result of overdosage. 
To be sure, if an excessively large dose of a 
drug can produce a reaction such as deaf- 
ness in some patients, it is to be anticipated 
that some unusually susceptible individual 
will develop the same reaction on what is 
ordinarily considered to be a small dose of 
the drug. On the basis of present experience, 
however, it would seem that deafness as a 
result of therapy represents only a small 
hazard to patients with normal renal func- 
tion who receive only 1 to 3 Gm. of strepto- 
mycin each day by the intramuscular route. 
In some instances, the deafness which may 
appear in the course of meningitis is pre- 
sumably caused by the infection and not by 
intrathecally administered streptomycin. It 
is reasonable to assume, however, that 
the introduction of such relatively large 
quantities of streptomycin directly into the 
subarachnoid space contributes to the de- 
velopment of deafness. 

Because of the possibility of deafness, it is 
advisable to obtain an audiometric exami- 
nation on all patients who are to receive 
streptomycin. The examination should be 
repeated routinely at fortnightly or monthly 
intervals and even more frequently in the 
presence of meningitis or impaired renal 
function. If any reduction in hearing de- 
velops, streptomycin should be discontinued 
immediately save in the presence of an infec- 
tion which is customarily fatal in the ab- 
sence of antibacterial therapy. Brown and 
Hinshaw® have observed that the presence 
of a constant, roaring, low-pitched tinnitus 
frequently precedes the appearance of deaf- 
ness. High-pitched, intermittently present 
tinnitus, is so ubiquitous a symptom with or 
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without streptomycin therapy, that its value 
as a warning of incipient deafness is 
questionable. 

From the preliminary studies of Steven- 
son, Alvord and Correll,’ it appears that 
the site of toxic action which results in deaf- 
ness is in the brain. These investigators 
noted liquefaction necrosis of the ventral 
cochlear nucleus in the tissues of three pa- 
tients of the New York Hospital series who 
had developed deafness during therapy with 
highly purified streptomycin. Similar lesions 
were also found in the brain of one dog who 
had received intensive treatment with par- 
tially purified streptomycin. It is of interest 
that in the brain of one of the patients the 
same type of lesion was present in the vesti- 
bular nuclei, which suggests that the site of 
the vestibular toxicity is also centrally 
located. 

There has not yet been sufficient experi- 
ence to permit an estimation of the degree of 
recovery of hearing which is to be antici- 
pated in those patients who have suffered 
a reduction in hearing during therapy. 
About all that can be said is that in some 
instances considerable improvement (30 to 
50 per cent) has occurred. Presumably, 
however, in many instances the loss of hear- 
ing is permanent. 

Other than the reactions involving vesti- 
bular or cochlear function, no effects of 
streptomycin upon the nervous system have 
been noted. 


MISCELLANEOUS MANIFESTATIONS 
OF TOXICITY 

Leukopenia (1,500 to 3,000 cells per cu. 
mm.) occasionally accompanied by a rela- 
tive granulocytopenia has been observed 
during the course of streptomycin therapy. 
The few cases in the Cornell—-New York 
Hospital series were all in patients with 
acute hematogenous tuberculosis, a condi- 
tion in which involvement of the bone 
marrow is not uncommon. Despite the con- 
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tinuation of streptomycin therapy, the total 
leukocyte counts eventually rose to within 
the normal range. In the event that granu- 
locytopenia should be observed in the 
absence of miliary tuberculosis it would be 
advisable to consider it as a manifestation of 
toxicity and an indication for the imme- © 
diate cessation of streptomycin therapy. 

One instance of thrombocytopenia has 
been observed in a patient with acute 
brucellosis who was receiving 6 Gm. of 
streptomycin daily.'* Recovery was prompt 
and complete after the discontinuance of 
therapy. 

No evidence has been obtained which 
would indicate that the administration of 
streptomycin results in anemia or in damage 
to the liver. | 


SUMMARY 


The administration of streptomycin by 

the intramuscular route in a daily dose be- 
tween 1 and 3 Gm. is well tolerated for a one 
or two-week period by most individuals. 
With the single exception of vestibular dys- 
function the same dose regimens are well 
tolerated by most individuals for periods as 
long as four months. Although daily doses 
larger than 3 Gm. are apparently well 
tolerated by some individuals for short 
periods of time, it is probable that 3 Gm. 
represents the upper limit of the safe daily 
dose. 
The histamine reaction, irritation at the 
site of injection and possibly the sustained 
febrile reactions are not caused by strepto- 
mycin but by impurities which are remov- 
able with refinements in the process of 
manufacture. All of the other manifestations 
of toxicity which have been observed after 
the use of impure streptomycin have also 
occurred during the administration of highly 
purified preparations of the drug. 

The toxicity of streptomycin is sufh- 
ciently low to justify the use of the drug in 
serious or potentially serious infections. Con- 
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versely, the incidence of toxicity, notably 
vestibular dysfunction, is sufficiently high 
after several or more weeks of therapy, that 
the drug should not be used for infections 
with a generally favorable prognosis such 
as minimal pulmonary tuberculosis or 
chronic brucellosis. 
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CUTE coronary artery disease did not 
suddenly appear in the twentieth 
century; it has existed for hundreds, 

probably thousands of years. There is 
evidence that it occurred among the early 
Egyptians. Ruffer' writing “On arterial 
Lesions Found in Egyptian Mummies 
(1580 B.C.—525 A.D.)” stated that the Egyp- 
tians of 3,000 years ago not only suffered 
from calcification of the arteries, but that 
the arteriosclerosis at that time was of the 
same nature as this disease today, that is, 
calcification following atheroma. 

From his investigations, Ruffer concluded 
that the stress and strain of modern life, 
exertion, meat diet, tobacco, alcohol and 
syphilis are not contributory factors in the 
production of coronary disease. Previously 


reported observations of my colleagues and . 


myself? support this conclusion. In a series 
of cases of acute coronary ‘occlusion we 
could not find any precipitating factors, and 
believe that this disease is solely a sequel to 
arteriosclerosis of the coronary arteries. 

Brim? has interpreted certain passages in 
the King James translation of the Bible from 
the standpoint of modern medicine and he 
believes that some of the accounts of sudden 
death represent acute coronary occlusion. 
For example, “In the case of Sichon the 
king of Cheschbon, the Lord hardened his 
heart, and closed his heart, and he was 
therefore delivered unto your power.” 
(Deut. 2:30). 


Reisman and Harris‘ point out an illus- 
tration of “instantaneous painless coronary 
death” to be found in Homer’s Odyssey. 
**Phoebus Apollo shed down his gentle darts 
upon Prontis, son of Onetor, Manetaus’ 
navigator, and he dropped dead with the 
steering oar of the moving ship within his 
hands.” 

Hoffman! writes that Hippocrates of Cos 
in his “‘Prognostics” said that ‘“‘Cardiodynia 
which occurs more frequently in senility 
foretells sudden death.” 

Many a physician before Heberden® must 
have observed episodes of angina pectoris. 
Seneca’ recorded his own suffering from this 
disease, as did the Earl of Clarendon.® But 
it was Heberden who, as the result of ob- 
servation of a hundred patients in his daily 
practice, established the syndrome of an- 
gina pectoris as a clinical entity. His ac- 
count written in 1768 reads like a recent 
textbook of the disease. 

In spite of his knowledge of angina pec- 
toris, Heberden did not realize that there 
was any relationship between this syndrome 
and disease of the coronary arteries. Credit 
must be given to Edward Jenner’ and Caleb 
Parry’ for the establishment of this connec- 
tion. These authors did not publish their 
ideas until the death of their mutual friend 
John Hunter, because the latter was a vic- 
tim of angina pectoris. 

Experimental Investigations. While knowl- 
edge of the clinical manifestations of disease 


*From the Mt. Sinai Hospital, New York N. Y. 
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of the coronary arteries was accumulating, 
the experimental work which would even- 
tually lead to the conception of the function 
of these vessels of the heart lagged behind. 
Chirac,’® in 1698, reported that ligature of 
the coronary arteries in the dog produced a 
standstill of the heart. This observation is 
merely of historical interest for it bore no 
fruit. In 1698 there was no appreciation of 
the clinical importance of the coronary 
vessels. 

In 1842, Hall’! contended that ossifica- 
tion of the coronary arteries could cause a 
fatal outcome, and that abrupt obstruction 
would produce sudden death. To test this 
theory, Ericksen!? conducted some experi- 
ments on animals. He concluded that arrest 
of the coronary circulation produced cessa- 
tion of the heart’s action and that an in- 
crease in the quantity of blood sent into or 
retained in the muscular fibers of the heart 
caused a corresponding increase in the ac- 
tivity of that organ. 

Burns'* compared the action of the heart 
supplied by calcified arteries with the action 
of a limb around which a ligature has been 
applied. ‘‘Exercise, passion, and ardent 
spirits” he considered a danger to a heart so 
affected. 

In recent years, Keefer and Resnick** 
showed that anginal pain was due to anoxe- 
mia. Sir Thomas Lewis'* was of the opinion 
that this pain was caused by accumulation 
of chemical poisons. 

In 1935, Tennant and Wiggers'® ob- 
served that immediately following occlusion 
of branches of the coronary arteries in dogs, 
the ischemic areas ceased to contract. 
Then the involved area bulged passively 
while the remainder of the ventricle con- 
tracted normally. This reversal of pulsation 
or “paradoxical” pulsation was observed 
fluoroscopically in man by Master and his 
co-workers, 

Acute Coronary Artery Occlusion. Coronary 
disease has been shown to have existed in 
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ancient times and the association between 
angina pectoris and sclerosis of the coronary 
arteries was first made in the eighteenth 
century. The actual appreciation of acute 
coronary occlusion as a definite disease, that 
is, as a special form of coronary sclerosis, is 
of relatively recent development. 

In 1878, Hammer’®?® described an instance 
of coronary thrombosis in an article entitled, 
““A Case of Thrombotic Occlusion of One 
of the Coronary Arteries of the Heart.’’ He 
diagnosed the condition before ‘death in a 
patient who suffered sudden collapse accom- 
panied by a ventricular rate varying from 
but 8 to 40 beats a minute. The heart sounds 
were faint. At autopsy a thrombus was 
found in the right sinus of Valsalva, closing 
the ostium of the coronary artery. This case 
is probably the first instance in which com- 
plete heart block in coronary occlusion is 
described. 

In 1880, Winsor,'* a physician who prac- 
tised in Winchester, Massachusetts, pre- 
sented a paper entitled, “Angina Pectoris 
with Rupture of the Heart.” This author 
clearly recognized the relation of coronary 
thrombosis to preceding disease of the 
coronary vessels and realized that the myo- 
cardium became “‘degenerated” with rup- 
ture of the involved wall. 

Huber’*® (1882) related necrotic and 
fibrotic lesions in the myocardium to athero- 
matosis of the coronary artery. 

In “Some Notes on the Coronary Arter- 
ies” published in 1896, George Dock*' re- 
ported a case in which antemortem diagnosis 
of coronary thrombosis was made in a man 
sixty-four years old. 

In 1910, two Russians, Obratzow and 
Straschesko*? discussed the clinical aspects, 
diagnosis and pathological anatomy of oc- 
clusion of the coronary arteries, and the con- 
sequent infarction and myomalacia of the 
heart. 

Hochhaus,** in 1911, reported four in- 
stances of acute coronary artery occlusion, 
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two of which were correctly diagnosed be- 
fore death with experience gained from the 
other two. | 

Not withstanding these early reports, 
knowledge of acute coronary artery occlu- 
sion did not become at all general until 
Herrick,***> presented a complete clinical 
and pathological picture of this disease in 
his two brilliant reports published in 1912 
and 1918. He showed that the coronaries 
are not strictly end-arteries, but that they 
develop functioning anatomic anastomoses; 
he discussed the symptoms of coronary 
thrombosis, the pericardial friction rub; he 
pointed out that occlusion of a large branch 
of a coronary artery or even of a main trunk 
need not necessarily cause sudden death. 

In 1929, Levine** published his mono- 
graph, “Coronary Thrombosis.” In this 
carefully detailed study was assembled 
all the available knowledge concerning 
coronary thrombosis, clinical electrocardio- 
graphic, pathological and therapeutic. 

Fred Smith*”** and H. E. B. Pardee?® 
first correlated the electrocardiographic ob- 
servations with clinical evidence of acute 
coronary occlusion. 

** Acute Coronary Insufficiency” (without Acute 
Occlusion.) Acute coronary occlusion is now 


a well recognized disease. Indeed, its fea- 


tures are so well marked that they have 
tended to obscure recognition of another, 
equally important product of coronary 
artery sclerosis, that is, “‘acute coronary 
insufficiency” (without acute occlusion) or 
myocardial ischemia or necrosis (infarc- 
tion) without acute coronary occlusion. 
This condition, has been recognized in the 
German literature,**~** but only recently 
has its importance been appreciated in this 
country.**** My colleagues and I have 
presented evidence to show that acute 
coronary insufficiency without acute oc- 
clusion is a disease entity with specific 
etiologic features, and characteristic pa- 
thologic and _ electrocardiographic pat- 
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terns.**~*° This condition is not however, 
sufficiently widely recognized, and the 
importance of differentiating acute coro- 
nary insufficiency without acute occlusion 
from acute coronary occlusion cannot be 
over emphasized. 

Although acute coronary insufficiency 
(without acute occlusion) was not recog- 
nized as a disease entity until less than 
twenty years ago, the writings of some of 


the early physicians show a certain per- 


ception into the nature of this phase of 
arterial sclerosis. Parry,? for instance, in 
speaking of ossification of the coronary 
arteries noted that such a heart “may be 
fit’? during a state of mental tranquillity, 
yet when any unusual exertion is required, 
its power may fail. 


MAGNITUDE OF CORONARY DISEASE | 


It has become clear that heart disease has 
been since 1912 the chief cause of death in 
this country.‘**~** In 1942, almost 400,000 
persons died of cardiac disease alone, about 
28.5 per cent of all deaths. *? It is probable 
that at least 4,000,000 persons in the United 
States are afflicted with heart disease. One 
survey gives an estimate of double this figure, 
placing the total at 8,000,000. ** 


TABLE 1 
CAUSE OF DEATH FOUND IN POSTMORTEM EXAMINATION OF 
489 CASES OF CARDIAC DISEASES—-THE MOUNT SINAI 
HOSPITAL, N. Y. 1932-1938 


Acute /| Rheumatic| Congenital, 
‘ No. of | Coronary Heart Luetic, 
Period Cases | Diseases | Disease | Misc. 
Per Cent | Per Cent | Per Cent 
1932-36 310 45.0 26.0 29.0 
1937-38 179 54.0 28.0 18.0 


Various writers have reported that acute 
coronary diseases comprise 25 to 40 per cent 
of all heart diseases. ** In an investigation of 
different types of cardiac diseases carried on 
between 1932 and 1938, careful postmortem 
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TABLE II* 
Acute Coronary Insufficiency Acute Coronary Occlusion 
Acute coronary insufficiency without | Acute coronary insufficiency with 
acute occlusion acute occlusion 
Myocardial necrosis or infarction | Acute coronary thrombosis 
without acute coronary occlusion Myocardial infarction due to coronary 
Subendocardial necrosis or infarction | artery occlusion 
Decreased supply of oxygen or blood | Complete occlusion of a coronary 
to the myocardium or disproportion | vessel 
between the supply and the demands 
of the latter 
Transient, slight, to prolonged and | Complete ischemia 
severe anoxia or ischemia 
Reflex vasoconstriction frequent No reflex mechanism 
Coronary artery involvement variable | Coronary arteries invariably diseased 
—vessels normal to severely diseased; | Infarction—massive, confluent ex- 
usually sclerotic tending from endocardium to peri- 
No acute muscle changes in simple | cardium 
episode of angina pectoris Pericarditis and frequent mural 
In severe form diffuse, disseminated | thrombosis with embolization 
focal areas of necrosis in subendo- 
cardium and papillary muscles 
No, or little involvement of the peri- 
cardium or endocardium and hence 
no pericarditis or mural thrombosis 
with embolization 
Arteriosclerotic, hypertensive, valvu- | Arteriosclerotic and hyperteasive heart 
lar and luetic heart disease disease 
cold, food, tobacco plus liquor, val- | Possibly operation, shock or drop in 
vular heart disease, anesthesia, op- | blood pressure? 
eration, shock, heart failure, tachy- 
cardia, auricular flutter or fibrilla- 
tion, fluctuations in blood pressure, 
hypoglycemia, adrenalin, anoxemia, 
carbon monoxide poisoning, hemor- 
rhage, anemia, pulmonary infarction 
and embolism, status asthmaticus, 
visceral reflexes, sexual intercourse, 
straining at stool, infection, trauma, 
hyper- and hypothyroidism 
Laboratory Findings............... None in simple attack of angina pec- | Fever, leukocytosis, rapid sedimenta- 
toris tion rate 
If myocardial necrosis present, then 
fever, leukocytosis, rapid sedimenta- 
tion rate—but usually not very 
marked 
None or slight Constant, 100° to 103°F. usually 
Usually relieved by nitroglycerin Not relieved by nitroglycerin, in fact 
condition aggravated 
Gastrointestinal.................... Nausea and vomiting not present in Nausea and vomiting common 
simple attack of angina pectoris 
Cardiovascular 
eee Usually no change Poor, tic-tac, embryocarditic, gallop 
Pericardial Rub................. Absent Present 
Blood Pressure................... Usually no change; may rise during | Definite fall 
pain 
Tachycardia and arrhythmias Usually absent except as a precipitat- | Common after the onset 
ing agent 
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TABLE II* (Continued) 


Acute Coronary Insufficiency Acute Coronary Occlusion 
Electrocardiogram................. RS-T depressions RS-T elevations into T wave inver- 
T wave inversions sions 
Large Q-waves 
Reciprocal relationship between leads 
and m 
Preventive and curative No specific treatment except for com- 
Avoid cause and treat exciting factor; | plications 
transfusion for hemorrhage, digitalis 
for heart failure, etc. 
Duration of Illmess................. Seconds, minutes, hours and days Weeks, months and years 
Condition after Attack.............. Good in angina pectoris; variable | Poor 
otherwise 
Degree of Recovery................ Complete for single attack of angina | Prolonged illness and earmarks of 
pectoris; variable otherwise attack for years 
san Variable; depends on precipitating |Fatal outcome not uncommon; signs 
factor and symptoms usually permanent 
Compensation..................... Compensable Not directly compensable 


* Slightly modified from New York Medicine 2: 9, 1946. 


examination of the hearts revealed that the 
proportion of deaths due to acute coronary 
artery diseases was 49.5 per cent, and for the 
year 1938 was actually 54 per cent. (Table 
1.) It is obvious, then, that coronary diseases 
are by far the most important of all heart 
diseases. 

With the lengthening span of life, and an 
increasing older population, the numbet of 
victims of coronary disease will continue to 
increase. According to the National Re- 
sources Planning Board“ there were in this 
country in 1900, 8,500,000 persons between 
the ages of fifty and seventy-four years; in 
1940, 24,000,000, and in 1980 there will be 
42,000,000. Since two thirds of the episodes 
of acute coronary diseases occur in this older 
age group it is apparent that the number of 
cases will be even greater than it is today. 


DIFFERENTIATION OF ACUTE CORONARY 
DISEASES 
There are two main divisions of the 
acute coronary diseases: (1) acute coro- 
nary occlusion, and (2) “acute coronary 
insufficiency” (without acute occlusion.) 
Acute coronary occlusion, (Table m) is the 
term used to indicate sudden complete 
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closure of the coronary artery, a sequel of 
progressive arteriosclerosis. ‘The attack oc- 
curs fortuitously, at any time, anywhere, 
and is not related to effort and excitement. 
In fact, it takes place most frequently during 
sleep and rest, simply because the major 
part of the day is spent in these states. The 
symptoms and signs of crushing substernal 
pain (not relieved by nitroglycerine), nausea, 
vomiting, shock, fall in blood pressure, 
change in heart sounds, gallop rhythm, 
fever, leukocytosis and increased sedimenta- 
tion rate, are well known. The illness is 
prolonged and usually results in permanent 
changes in the heart. At autopsy, the lumen 
of the coronary artery will be found com- 
pletely closed by a thrombus formed di- 
rectly on an arteriosclerotic plaque, or 
originating from an intimal hemorrhage 
breaking through the endothelial lining of 
the plaque. Occasionally a hematoma within 
an intimal plaque causes complete obstruc- 
tion of the lumen without thrombosis. ‘The 
infarct is large, usually extending from the 
endocardium to the pericardium. The re- 
sulting pericarditis may give rise to a fric- 
tion rub. Involvement of the endocardium 
frequently results in mural thrombus forma- 
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tion and peripheral embolization. The 
electrocardiogram is specific. Elevations of 
the RS-T segments progress steadily to in- 
_verted T waves. Large Q waves and a re- 
ciprocal relationship between Leads 1 and 
1 are present. The RS-T elevations are 
associated with the epicardial and subepi- 
cardial involvement, the Q waves with the 
massive through-and through injury to the 
ventricular wall, possibly septal damage. 

In acute coronary insufficiency (without acute 
occlusion) (Table 1) there are gradations of 
severity of the heart attacks. The simple 
short episode of angina pectoris, in which 
the chest pain is momentary, is brought on 
by exertion, excitement, ingestion of food, 
cold, and the like, and is relieved by nitro- 
glycerine and rest. Gastrointestinal manifes- 
tations, fever, leukocytosis and increased 
sedimentation rate are not present. When 
the pain has disappeared, the patient’s con- 
dition is good. The blood pressure does not 
fall; in fact, it may rise. Acute alterations in 
the myocardium do not occur. An electro- 
cardiogram taken during an attack may 
show transient RS-T depressions and ‘T wave 
inversions, or it may be normal. 

In a more severe type of acute coronary 
insufficiency (without acute occlusion), the 
anoxia of the heart muscle is prolonged so 
that serious injury to the latter may take 
place. A synonymous term for this type of 
attack is acute myocardial necrosis without 
acute occlusion. The chest pain may be 
severe and moderately prolonged. The epi- 
sode is often related to exertion, excitement 
and emotion. [t may occur after sexual inter- 
course, straining at stool or following 
gastroenteritis. It may be induced by ex- 
tremes of heat and cold, tachycardia, auricu- 
lar fibrillation or auricular flutter, shock, 
heart failure, hypoglycemia, operation, anes- 
thesia, anoxemia of many types, carbon 
monoxide poisoning, acute hemorrhage, 
chronic anemia, hyperthyroidism and hy- 
pothyroidism. It is a consequence of pul- 
monary infarction and embolization, of 
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infection and trauma; it occurs reflexly from 
abnormal or diseased abdominal viscera. 
The symptoms and signs are those to be ex- 
pected in a disease that is more serious than 
the simple syndrome of angina pectoris, but 
frequently they are not so grave as similar 
manifestations of acute coronary artery oc- 
clusion. Chest pain, shock, change in heart 
sounds, fall in blood pressure, fever, leukocy- 
tosis and increased sedimentation rate, if 
present, are usually not so marked as in 
acute coronary occlusion. In a severe epi- 
sode, the heart muscle may contain many 
focal, or even diffuse, areas of subendo- 
cardial necrosis. These areas are often 
observed in the papillary muscles, but the 
endocardium and the pericardium are not 
involved. For this reason, thrombus forma- 
tion on the heart wall with subsequent 
embolization is not encountered and peri- 
cardial rub is not heard. The electrocardio- 
gram discloses depressions of the RS-T 
segments and TI wave inversions in one or 
more leads. The localization of the myo- 
cardial necrosis to the subendocardium may 
be explained by the assumption that this 
region of the myocardium receives the 
poorest blood supply. Small branches from 
the coronary arteries turn at right angles 
into the cardiac muscles and beneath the 
endocardium. Hence, this area is farthest 
from the source of nourishment and suffers 
most when the coronary flow is diminished. 
The endocardiunmr itself receives blood di- 
rectly from the ventricular cavity. 

The differences in the electrocardiograms 
in coronary insufliciency and coronary oc- 
clusion can be explained by the dissimilar 
pathologic changes. It has been sug- 
gested °® © 6 that the elevation of the RS-T 
segment in coronary occlusion is associated 
with the pericardial involvement common 
in this condition. In coronary insufficiency, 
the areas of necrosis are focal and scattered 
and chiefly subendocardial; the pericardium 
is spared. Therefore, depression of the RS-T 
interval replaces elevation of this segment. 
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Recently Boyd and Scherf** showed that 
injury to the epicardium at the apex of the 
heart produces a high take-off of the RS-T 
segment, whereas injury to the endocardium 
produces depression of this segment with 
slight inversion of the T waves. 

The prognosis of acute coronary insufli- 
ciency without acute occlusion, even when 
myocardial necrosis is present, is usually 
better than that of acute coronary occlusion 
with infarction. 

Treatment of these two types of acute 
coronary diseases differs. A rational exist- 
ence, mentally and physically, a change 
in climate, avoidance or elimination of 
known precipitating causes such as unusual 
or severe effort, trauma, overexcitement, 
extremes of heat and cold, overeating, ex- 
cessive smoking together with drinking, will 
prevent acute coronary insufficiency without 
acute occlusion. During operation or anes- 
thesia an adequate supply of oxygen must 
be administered in order to avoid cyanosis. 
Adequate treatment, or better, prevention 
of shock is indicated. Administration of 
digitalis and the mercurial diuretics in heart 
failure, digitalis and quinidine for tachy- 
cardia, auricular fibrillation and flutter, 
blood transfusions for hemorrhage or ane- 
mia, avoidance of reflexes from the ab- 
dominal viscera, prevention or cure of 
infection perhaps by means of the sulfona- 
mide drugs, penicillin and streptomycin, 
are all measures of value in preventing acute 
damage to the heart muscle. In acute coro- 
nary occlusion, on the contrary, avoidance 
of these predisposing factors will not prevent 
the onset of acute coronary occlusion. The 
best treatment for this is passive; active or 
drastic measures should not be employed 
unless complications make it necessary to 
intervene. 


CONFUSION OF TERMS AND THOUGHT 


It would be well to point out the existing 
confusion in the terminology employed in 
coronary artery diseases.** A number of ex- 
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pressions in use, including angina pectoris, 
coronary occlusion and coronary thrombo- 
sis, Coronary insufficiency, coronary failure 
and myocardial infarction, are often applied 
loosely and given various connotations. 

The distinction between acute coronary 
insufficiency and acute occlusion is confused 
by careless use of terms. The term, acute 
coronary occlusion should be applied only 
to sudden complete obstruction of a vessel. 
The clinical syndrome and the electro- 
cardiographic findings are characteristic 
and the diagnosis is readily made. The 
adjective “‘acute”’ should be employed in 
order to distinguish the sudden catastrophic 
episode from chronic progressive arterio- 
sclerosis of a coronary artery resulting in 
partial or practically complete obstruction 
of the lumen. Blumgart and Schlesinger,*® 
in their otherwise excellent investigation, 
used the term coronary occlusion to indicate 
arteriosclerotic narrowing whether or not 
there was acute complete occlusion. 

The expression “acute coronary 
sufficiency” should be employed in the 
restricted sense which we have used. It 
should not be employed to include all of 
the acute coronary diseases as is so fre- 
quently done. Of course, the qualifying 
phrases ‘“‘with acute occlusion” or “‘without 
acute occlusion’”’ would be descriptive and 
most accurate, but experience has shown 
that few have adopted them. 

The term “myocardial infarction’ is 
sometimes used without qualification, an 
unfortunate circumstance, since the mean- 
ing of this term is too broad to permit of its 
being an exact diagnosis. When: ““myocar- 
dial infarction” is employed, its meaning 
should be delimited by adding either “with 
acute coronary occlusion”’ or ‘‘without acute 
coronary occlusion.”’ 

In addition to recognition. of the clinical 
variations in the several coronary artery 
diseases and to properly defined terminol- 
ogy, correct diagnosis will be further assured 
if electrocardiographic changes are properly 
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interpreted. ‘The presence of RS-T eleva- 
tions alone are characteristic of pericarditis °° 
but not of acute coronary occlusion. ** RS-T 
depressions which appear alone are typical 
of involvement of the inner or subendocar- 
dial region of the heart*® °”°* and should not 
be interpreted (which frequently hap- 
pens®*°®) as indicative of acute coronary 
occlusion. Many investigators have shown 
that damage to the inner surface of the 
heart results in RS-T depressions, whereas 
epicardial injury is associated with RS-T 
elevations. °° 

The clinical and _ electrocardiographic 
characteristics of the various acute coronary 
diseases have now been so extensively veri- 
fied by postmortem examination that with 
proper appreciation of these characteristics, 
diagnosis in any given case can be made 
with assurance. The classical clinical signs 
and electrocardiographic pattern of acute 
coronary occlusion will be corroborated at 
autopsy in 95 per cent of the cases. *® °? 


INCIDENCE OF ACUTE CORONARY 
OCCLUSION 


The incidence of acute coronary occlusion 
is not readily obtainable. The census in- 
cludes acute coronary occlusion under dis- 
eases of the coronary arteries and angina 
pectoris. An estimation of the actual num- 
ber of deaths from acute coronary occlusion 
was made by sampling New York State 
death certificates and applying the figures 
thus derived to the rest of the country. It 
was computed**** that at least 25 per cent 
of deaths reported under “diseases of the 
myocardium,” 60 per cent of those ascribed 
to “coronary disease’? and 80 per cent of 
those listed as “‘angina pectoris’ were, in 
fact, instances of acute coronary occlusion. 
On the basis of these percentages, it was cal- 
culated that there were 120,000 deaths from 
acute coronary occlusion in this country in 
1942. If the mortality rate for this disease is 
accepted as 15 per cent, there are about 
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800,000 attacks of acute coronary occlusion 
yearly. 

Using the United States census figures**® 
for the number of men and women in this 
country over forty years of age, and a coro- 
nary disease incidence ratio of 3 men to 1 
woman, we may conclude that approxi- 
mately 1 man in 40 and 1 woman in 115 
experiences an attack of acute coronary 
occlusion yearly. These figures will, of 
course, vary if other mortality rates are 
adopted for the computation. There is evi- 
dence*® that the number of instances of 
acute coronary occlusion may be as high as 
1,000,000; if this figure is accepted, 1 man 
in 30 and 1 woman in 90, forty years of age 
and over, annually sustain acute complete 
obstruction of a coronary artery. 


INCIDENCE OF “ACUTE CORONARY 
INSUFFICIENCY 

It is my opinion that the incidence of 
acute coronary insufficiency (without acute 
occlusion) is of the same magnitude and 
significance as is that of acute coronary 
occlusion. Although further and extensive 
tabulation of the comparative incidence of 
these two types of coronary artery disease is 
needed, certain figures to be found in recent 
reports are significant. Kroetz®’ believes 
that acute coronary occlusion and acute 
coronary insufficiency without acute occlu- 
sion occur with equal frequency. He found 
acute occlusion in 55 per cent of his cases 
and acute coronary insufficiency without 
occlusion in 45 per cent. 

Levy and Bruenn" in a review of the post- 
mortem examinations of 376 cases in which 
death was due to coronary sclerosis, found 
only thirty-nine instances of coronary throm- 
bosis. This is, of course, an unusually low 
percentage, and the authors themselves 
point out that a close examination of the 
coronary arteries would undoubtedly have 
brought to light many more instances of 
acute occlusion. 
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French and Dock® describe eighty deaths 
from acute coronary artery disease which oc- 
curred among young soldiers. Only twenty- 
nine or 36 per cent of the deaths were cases 
of acute coronary occlusion, and I believe 
the majority of these actually represented 
acute coronary insufliciency without acute 
occlusion. | 

A review of the autopsies at the Mount 
Sinai Hospital, New York, for the five years 
1941-1945 inclusive, reveals that about 70 
per cent of deaths from acute coronary dis- 
ease were due to acute occlusion; in the re- 
maining 30 per cent acute occlusion did not 
occur. These figures are merely approxi- 
mate, and in the near future we hope to ob- 
tain accurate ratios. 

Although the foregoing statistics obviously 
do not furnish adequate evidence on which 
to base conclusions, they do indicate that 
deaths from acute coronary insufficiency 
are perhaps as common as deaths from 
acute coronary occlusion. The medical 
examiners of the City of New York and 
Newark, New Jersey, are of the opinion that 
in sudden unexpected deaths, acute coro- 
nary insufficiency is observed even more 
frequently than is acute complete obstruc- 
tion.** Moreover, it should be kept in mind 
that the non-fatal cases of acute coronary 
insufficiency far outnumber the non-fatal 
cases of acute coronary occlusion. Simple 
episodes of angina pectoris fall in the former 
category. Even a severe form of the disease, 
accompanied by myocardial necrosis, cul- 
minates in death far less frequently than 
does acute coronary occlusion. ** 


CORONARY DISEASE AND INDUSTRY 


It is appreciated today as never before 
that industry has a special interest in acute 
coronary artery diseases. In June, 1946, 
nearly 57,000,000 persons were employed 
in this country.** In New York State alone 
$61,000,000 is paid out yearly® in claims 
arising from employment; and in the United 
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States as a whole, compensation claims for 
the year 1943 amounted to $360,000,000. 
Coronary artery disease plays no minor 


réle in the field of compensation insurance. 


Indeed, the chronological relationship be- 
tween work and an acute coronary episode 
is so dramatic that it is often assumed that 
every type of acute coronary disease is pre- 
cipitated by exertion, excitement or trauma. 
This assumption is true as far as attacks of 
acute coronary insufficiency without acute 
occlusion are concerned. It is so evident that 
it may be accepted as a matter of fact. Ex- 
isting controversy is concerned with the 
causation of acute coronary occlusion. As I 
have already stated, this condition is, in my 
opinion, an end result of long standing 
sclerosis of the coronary arteries and its 
onset cannot be attributed to any factor in 
the external environment, with the possible 
exception of shock and fall in blood pressure. 

There would be less discussion and more 
agreement concerning the precipitating fac- 
tors of acute coronary disease were it gen- 
erally realized that there are two main acute 
coronary artery diseases, each distinct clini- 
cally and electrocardiographically from the 
other, but both due to a common underlying 
anatomical predisposing condition, namely, . 
arterisoclerosis. Because exertion, excite- 
ment or trauma can cause acute coronary 
insufficiency,** this disease is definitely 
compensable among workers. Acute coron- 
ary occlusion, however, is a sequel of 
arteriosclerosis and is not precipitated by 
effort or excitement,” and therefore is not 
compensable. 

The part played by effort, occupation and 
trauma in precipitation of acute coronary 
artery occlusion will be discussed in turn. 

Réle of Effort in Acute Coronary Occlusion. 
First, let us consider effort as a precipitating 
factor. My colleagues and I determined 
the events associated with the onset of 
1,068 attacks of acute coronary occlusion by 
obtaining a detailed history of the activities 
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of the patient immediately prior to the at- 
tack and during the preceding hours, days 
and weeks.” The results are given in Table 
i. Fifty-two per cent of the attacks occurred 


TABLE II 
TYPES OF ACTIVITY AT ONSET OF CORONARY OCCLUSION 
(1,068 ATTACKs) 


PER 
CENT 
Ordinary mild 21.0 
Moderate activity (except walking)........... 9.0 
Unusual or severe exertion................44. 2.0 


while the patient was asleep or resting; 21 
per cent, during mild routine activity; 16 
per cent, while walking; and 9 per cent, 
-during moderate activity, such as pressing, 
painting and baking. In only 2 per cent of 
the cases was a history of unusual physical 
exertion obtained. Since these activities 
were engaged in by the patients for the 
portions of the day ordinarily spent in such 
pursuit, they must be ruled out as factors in 
the onset of occlusion. For example, almost 
half of the day is usually occupied in sleep 
or rest, and therefore the occurrence of half 
of the attacks during these states must be 
considered coincidental. ‘The same inference 
may be drawn from the percentage for mild 
and moderate activity, as well as from the 
figure for unusual exertion, which preceded 
the attack in only 2 per cent of the cases. 
Even when a person guards against undue 
exertion some action requiring severe effort 
is usually performed during the day. Con- 
sequently, if effort were a factor in precipi- 
tating coronary occlusion the two would be 
associated much more frequently than they 
are and occlusion would be much more com- 
mon than it is. In this connection it is worth 
noting that because of chronic illness, such 
as heart failure, cancer and surgical compli- 
cations, at least seventy-five of the patients 
had been confined to bed for considerable 
periods prior to the occurrence of the 
occlusion. 
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Réle of Occupation in Acute Coronary Occlu- 
sion. ‘There have been conflicting reports 
concerning the relatiun of occupation to 
coronary occlusion. Some authors believe 
that coronary occlusion occurs most com- 
monly among the laboring classes, whereas 
others have stated that it is more frequently 
observed among persons engaged in seden- 
tary occupations and among business and 
professional people. 

In a series of 1,268 cases in which we stud- 
ied this factor, coronary occlusion occurred 
with equal frequency in all occupational 
groups.®’ In order to compare our occupa- 
tional distribution with that of the general 
population as given by the U.S. Census, we 
divided our cases into three groups: workers 
and laborers, store, office and business men, 
and professional persons. We found that the 
ratios were almost identical with those for 
the general population of New York City. 
For instance, the first group comprised 51 
per cent of our series and 55 per cent of the 
population; in the second group, the figure 
was 37 per cent, for both; the third group 
was 12 per cent in our series and 8 per cent 
of the population. Such close correspondence 
between the percentages eliminates occupa- 
tion as a predisposing factor in coronary 
occlusion. Were coronary occlusion pre- 
cipitated by effort, the incidence of strenu- 
ous occupations should be greater than that 
obtained in our series. Actually the percent- 
age of sedentary persons was the same as 
that of heavy laborers. 

Réle of Trauma in Acute Coronary Occlusion. 
Attempts have been made to prove a causal 
relationship between trauma and coronary 
occlusion, but examination®® of the pub- 
lished report on the subject reveals that 
many of the cases cited as trauma were 
caused by contusion of the heart and not by 
coronary occlusion. Indeed, in most in- 
stances the authors failed to differentiate the 
two conditions. In some of the cases reported 
postmortem examination was not made; the 
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presence of coronary occlusion was simply 
assumed despite the fact that the clinical 
similarity of the two conditions is marked. 
In certain other acute cases in which coro- 
nary occlusion was known to be present, not 
only had a long interval elapsed between 


the occurrence of the trauma and death, but © 


there was pre-existing severe acute coronary 
artery disease, two facts that would suggest 
that the occlusion was not related to the 
trauma. From our study of reported cases 
and from our own experience we have been 
led to conclude that available evidence 
does not support the theory of causal rela- 
tionship between trauma and classical acute 
coronary occlusion. On the other hand, 
trauma, direct and indirect, to the chest and 
even to the abdomen can produce arrhyth- 
mias and damage to the heart. It is, of 
course, conceivable that a severe injury 
could contuse a coronary artery with re- 
sulting closure of the lumen and infarction 
of the ventricle wall. However, an accident 
of this type would happen very rarely. 

The réle played by trauma in the initia- 
tion of coronary occlusion requires much 
more careful and critical investigation than 
it has received. ‘Too often doubtful cases in 
the literature have been accepted as proved 
and cited as such by subsequent writers. The 
effect on the heart of trauma produced for 
experimental purposes is sometimes cited as 
proof of association of injyry and acute coro- 
nary occlusion despite the fact that in such 
experiments contusion of the heart, not 
acute coronary occlusion, is produced. 

Outlook for Patients Following Recovery from 
Acute Coronary Occlusion. ‘The question as to 
whether or not patients should return to 
work following an attack of acute coronary 
occlusion is of practical importance both 
medically and economically. If he may re- 
turn, how soon is it permissible to do so? 
Is it true, as some physicians believe, that 
return to work leads to further acute coro- 
nary occlusion and heart failure? These 
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questions are also significant from the stand- 
point of compensation insurance. Many per- 
sons possess disability policies and it has 
been assumed that acute coronary occlusion 
always indicates permanent and total disa- 
bility. Positive answers to these questions 
cannot be given in the present state of our 
knowledge, but for many years I have urged 
that a more hopeful outlook should be 
adopted than that usually taken. Eleven 
years ago I found that fifty-three of seventy- 
five private patients had resumed their 
original work after recovery from an occlu- 
sion; only 8 per cent were completely 
disabled. 

Detailed follow-up data on 422 private 
and ward patients who had recovered from 
an attack of acute coronary occlusion is now 
available.*’ These patients came from all 
strata of society and were observed for in- 
tervals varying from six months to fifteen 
years, the average period being three and 
one-half years. Twenty per cent were fol- 
lowed five years or more. The ratio of men 
to women was 414 to 1. Almost 90 per cent 
were in the age group forty to sixty-nine 
years, the sixth decade predominating. 
Three-quarters of the patients were seen in 
their initial attack, and almost all the others 
in their second. 

Fifty-three per cent of the patients re- 
turned to work after recovery from the at- 
tack, 92 per cent of these doing so within one 
year. Actually, one-half resumed their occu- 
pations within three months after discharge 
from the hospital and three-quarters did so 
within six months. In the majority of cases, 
the work was full-time. The percentage of 
those returning to work was greater among 
the private patients than among the ward 
patients. Sex did not play a rdle in this 
respect. 

There was a close correlation between re- 
sumption of work and age; the younger the 
patient, the more likely he is to return to 
work. In our series, 73 per cent of those in 
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the fourth decade resumed work, whereas 
only 43 per cent of those in the seventh 
decade did so. 

Presence of previous attacks had a signif- 
icant influence on rehabilitation following 
coronary occlusion. Fifty-nine per cent of 
the patients suffering a first attack resumed 
work; whereas only 38 per cent of the pa- 
tients who had a second attack, and 23 per 
cent of those who had a third attack did so. 
Each successive attack reduces the proba- 
bility of return to work; although one pa- 
tient was able to work again following a 
fourth attack. 

In our series only half the laborers re- 
sumed their occupations; two-thirds of the 
white-collar and office workers and four- 
fifths of the professional persons returned to 
work. The majority of those engaged in pro- 
fessions were able to work full time, whereas 
half of those in other occupations worked 
only part time. This difference in ability to 
resume work is more apparent than real 
since persons engaged in professional and 
executive pursuits can do relatively light 
work even on a full-time basis. In addition, 
they usually have a greater incentive to take 
up their occupations again. 

As was to be expected, many of the pa- 
tients who returned to work complained of 
such symptoms as weakness, precordial 
pain and dyspnea. This was true of about 
half the group, particularly the laborers, 
white-collar workers and housewives. How- 
ever,their symptoms were not severe enough 
to preclude work; indeed, in many of these 
patients similar symptoms were present 
before the attack. 

A considerable group ceased to work on 
the advice of their physicians or because 
they possessed disability insurance; some 
patients naturally were unable to find posi- 
tions. We believe that a _ considerable 
proportion of this group would have re- 
sumed work had it been necessary. It is 
probable that in our entire series well over 
60 per cent of the patients recovered suffi- 
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ciently to take up their customary occupa- 
tions again had they wished to do so. 

Evidence gathered from observation of 
1,068 attacks of coronary occlusion indicates 
that the onset of an attack is not related to 
external factors such as effort, work or 
trauma; nor is it confined to any particular 
occupation or social strata. Coronary occlu- 
sion is the end result of a progressive athero- 
sclerotic process and occurs as often in the 
sedentary individual as in one engaged in 
active work. 

Our findings also indicate that an attack 
of acute coronary occlusion without com- 
plications is not in itself a reason for per- 
manent or total disability. We believe that 
the outlook for a patient following recovery 
from an attack of coronary occlusion may 
justifiably be regarded more hopeful than 
in the past. 

COMMENT 

With the exception of isolated instances 
in which differentiation may be difficult, 
acute coronary insufficiency and acute 
coronary occlusion can be diagnosed as 
readily as can acute appendicitis. In the 
latter disease, diagnosis may occasionally 
prove troublesome. Thorough understand- 
ing of the clinical and electrocardiographic 
characteristics of the coronary diseases will 
enable the clinician to specify the type of 
acute coronary diseases present in almost 
every case. Naturally the clinical picture 
of the two types of acute coronary insuffi- 
ciency will overlap at times. Occasionally, 
acute coronary insufficiency will cause 
acute myomalacia which is confluent and 
extends through from endocardium to 
pericardium, simulating acute coronary 
occlusion. This condition may arise when 
sclerosis of the coronaries is very severe and 
long standing. 

Some writers** 7° have been prompted to 
discard the term coronary occlusion on the 
assumption that it is impossible clinically to 
differentiate acute coronary occlusion with 
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infarction from acute coronary insufficiency 
with focal necrosis or infarction, but without 
acute occlusion. They consider that the term 
coronary occlusion should be confined to 
_ postmortem reports. I do not agree with this 
point of view, for, in my experience, acute 
coronary occlusion presents characteristic 
clinical and electrocardiographic changes 
which are almost always distinguishable 
from those produced by infarction caused by 
acute coronary insufficiency in which acute 
occlusion is not present. 

Acute coronary occlusion is to my mind a 
valuable diagnostic term. Not only does it 
embrace a typical syndrome, well known 
to every physician, but it is associated with 
a characteristic, progressive electrocardio- 
graphic pattern. The fact that in some cases 
acute coronary occlusion does not produce 
characteristic electrocardiographic changes, 
should not militate against the use of the 
term. In most cases of this type the electro- 
cardiogram had been previously abnormal 
as a result of old coronary occlusion, bundle 
branch block, or marked enlargement of the 
heart,.and the advent of another acute oc- 
clusion or of myocardial necrosis without 
acute occlusion may not alter the electro- 
cardiogram significantly, or may produce 
equivocal or non-specific changes. In such 
cases the presence of a precipitating factor, 
such as effort, emotion, shock, operation or 
hemorrhage, should suggest acute coronary 
insufficiency without acute occlusion. The 
diagnosis can be made if the clinical picture 
of this condition is present, i.e., the pain not 
infrequently is mild, pericardial rub is ab- 
sent and heart failure usually is not severe. 
Fever, leukocytosis and rapid sedimentation 
time are, as a rule, less marked than in acute 
coronary occlusion. 

_The concept of angina pectoris has under- 
gone considerable change in recent years. 
It is now generally agreed that the attack 
represents temporary insufficiency of the 
coronary flow, and it has been suggested, 
therefore, that the term angina pectoris be 
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acute coronary insufficiency, be employed. 
Theoretically this change would be justified. 
However, the classical syndrome of angina 
pectoris, including the typical substernal 
pain and its radiation, its relation to effort, 
excitement, cold, and eating, and its relief 
by rest and nitroglycerin, is so characteristic 
and firmly established that it would seem 
advantageous to retain the term to connote 
acute coronary insufficiency without myo- 
cardial involvement. 


SUMMARY 


Acute coronary artery diseases have ex- 
isted for hundreds, probably thousands of 
years. The arteriosclerosis observed in 
Egyptian mummies was of the same nature 
as is this disease today. Descriptions in the 
Bible are suggestive of attacks of acute coro- 
nary occlusion. Hippocrates is quoted as 
saying that “Cardiodynia, which occurs 
more frequently in senility, foretells sudden 
death.”” However, present knowledge of 
acute coronary occlusion became established 
only after the reports by Herrick in 1912 and 
1918. 

Heart disease has, since 1912, been the 
chief cause of death in this country. Four to 
eight million people suffer from heart 
diseases. Coronary disease comprises from 
25 to 50 per cent of all heart diseases. With 
the lengthening span of life and therefore 
an increasing older population, the number 
of victims will continue to increase in the 
future. 

There are two main divisions of acute 
coronary artery diseases: (1) Acute coronary 
occlusion, and (2) acute coronary insuff- 
ciency (myocardial necrosis or myomalacia . 
or myocardial infarction without acute coro- 
nary occlusion). 

Acute coronary denotes sud- 
den complete closure, a sequel of progres- 
sive arteriosclerosis. ‘The attack is not 
related to effort and excitement. It takes 
place during sleep and rest and routine 
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activities of the individual. The symptoms 
and signs are crushing substernal pain, not 


relieved by nitroglycerin, nausea and vomit- . 


ing, shock, fall in blood pressure, change in 
heart sounds, gallop rhythm, fever, leuko- 
cytosis and increased sedimentation rate. 
The illness is prolonged and usually results 
in permanent changes in the heart. At 
autopsy the lumen of the coronary artery 
is found completely closed. The infarct is 
large, usually extending from endocardium 
to pericardium. The electrocardiogram is 
specific. 

In acute coronary insufficiency (without 
acute occlusion) the severity of the disturb- 
ance varies from the simple short episode of 
angina pectoris, in which the pain is mo- 
mentary, to the more severe type in which 
the anoxia of the heart muscle is prolonged, 
so that a serious injury to the heart muscle 
may take place. The episode is often related 
to exertion, excitement and emotion; it may 
occur after sexual intercourse, straining at 
stool or following gastroenteritis; it may 
be induced by extremes of heat and cold, 
tachycardia, auricular fibrillation, auricular 
flutter, shock, heart failure, hypoglycemia, 
operation, anesthesia, anoxemia of any 
type, carbon monoxide poisoning, acute 
hemorrhage, chronic anemia, hyperthy- 
roidism, hypothyroidism, etc. In a severe 
episode the heart muscle may contain many 
focal disseminated areas of subendocardial 
necrosis. ‘These are often “observed in the 
papillary muscles, but the endocardium and 
pericardium are not involved. The electro- 
cardiogram discloses depression of the RS-T 
segments and ‘l’ wave inversions which are 
characteristic. The prognosis of acute coro- 
_ Mary insufficiency without acute occlusion 
is usually better than that of acute coronary 
occlusion with infarction. ‘The former disease 
is compensable, the latter is not. 

The treatment of these two types of acute 
coronary diseases differs. A rational exist- 
ence and avoidance of the known pre- 
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cipitating causes prevent acute coronary 
insufficiency. Administration of digitalis, 
diuretics, quinidine, blood transfusions, 
etc., are of value in preventing acute 
changes in the heart muscle. In acute 
coronary occlusion, on the contrary, avoid- 
ance of predisposing factors does not pre- 
vent the onset of the attack. The best 
treatment of this is passive. Direct measures 
should be employed only if there are 
complications. 

The distinction between acute coronary 
insufficiency and acute coronary occlusion 
is confused by careless use of terms. If the 
expression “myocardial infarction” is used 
as a diagnosis the qualifying phrases “with 
acute occlusion”’ or “‘without acute occlu- 
sion”’ are essential to accurate terminology. 

There is evidence that the number of in- 
stances of acute coronary occlusion may be 
as high as 1,000,000 attacks per year. This 
means that one man in thirty and one 
woman in ninety, forty years of age and 
over, in this country annually sustain an 
acute obstruction of a coronary artery. 

The incidence of acute coronary insuffi- 
ciency is of the same magnitude and signifi- 
cance as that of acute coronary occlusion. 
In fact, in case of acute, sudden, unex- 
pected death, acute coronary insufficiency 
is observed more frequently than is the 
acute complete obstruction. 

Coronary disease is of great importance 
to industry. Nearly 60,000,000 people are 
employed in this country. Hundreds of mil- 
lions of dollars are paid out yearly in com- 
pensation disability benefits. 

Trauma, direct and indirect, can produce 
arrhythmias and damage to the heart. It 
very rarely if ever Causes an acute coronary 
occlusion with infarction. In a severe steer- 
ing wheel, or similar accident, with bruise 
of the chest wall and contusion of the wall 
of the left ventricle, an occlusion may rarely 
take place. 

Evidence gathered from observations of 
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more than 1,000 attacks of acute coronary 
occlusion indicate that the onset of the at- 
tack is not related to external factors such 
as effort, work or trauma, nor is it confined 
to any particular occupation or social 
stratum. Acute coronary occlusion is the end 
result of an arteriosclerotic process and oc- 
curs as often in a sedentary person as in one 
engaged in active work. 

Fifty-three per cent of patients return to 
work after recovery from the attack of acute 
coronary occlusion, nearly all of them within 
the first year. The younger the patient, the 
more likely is he to return to his employ- 
ment. Each successive attack of acute coro- 
nary occlusion reduces the probability of 
return to work. Only half the laborers 
resumed their occupations, whereas two- 
thirds of the white collar and office workers, 
and four-fifths of the professional persons 
returned to their jobs. 

Our findings thus indicate that an attack 
of acute coronary occlusion is not in itself 
a reason for permanent disability. We 
believe that the outlook for a patient recov- 
ering from an attack of acute coronary 
occlusion may justifiably be regarded more 
hopefully than it has been in the past. 


REFERENCES 


1. Ruffer, M. A. On arterial lesions found in i 
mummies (1580 B.C.—525 A.D.). 7. Path. @ Bact., 
15: 453, 1910-1911. 

2. Master, A. M., Dacx, S. and Jarre, H. L. Activities 
associated with the onset of acute artery 
occlusion. Am. Heart 7., 18: 434, 1939. 

3. Brau, Cuaries J. Medicine in the Bible. Pp. 119 
and 121. New York, 1936. Froben Press. 

4. Riesman, D. and Harris, S. E. Disease of the 
coronary arteries with a consideration of data on 

the increasing mortality of heart disease. Am. 

J. M. Se., 187: 1, 1934. 

5. Horrman, M. Die Lehre vom plétzlichen Tod in 
Lancisi’s Werk subitanis mortibus.” 

 g. Geschichte. d. Med. u. d. Naturwiss., No. 6, 
p. 26, 1935. 

6. Heserpen, Commentaries on the History 
and Cure of Disease. 4th ed., p. 303. London, 
1816. Payne & Foss. 

7. Seneca, Lucius Annagvs. Opera, Basileae, Epist. 55, 
1929. Cited by Wms, F. A. Proc. Staff Meet., 
Mayo Clin., 20: 103, 1945. 

8. Crarenpon, Eart of (Epwarp Hype). The Life of 


AMERICAN JOURNAL OF MEDICINE 


24. 


25. 


. Winsor, F. Angina 


515 


Edward, Earl of Clarendon, Lord High Chancel- 
lor of England and Chancellor of the University of 
Oxford, Containing an account of the Chancel- 
lor’s life from his birth to the Restoration in 1660. 
P. 9. Oxford, 1759. 


. Parry, Cares Huuier. An Inquiry into the Symp- 


toms and Causes of the Syncope Anginosa, Com- 
monly Called Angina Pectoris. London, 1799. 
Cadell & Davies. | 


. Currac, P. De motu cordis adversaria analytica. 


Monspelii, 1678. J. Martel. 


. Hatt, MarRsHALL. On the Mutual Relation between 


Anatomy, Physiology, Pathology and Therapeu- 
tics and the Practice of Medicine, Being the Gul- 
stonian Lectures for 1842. London, H. Bailliere. 


. Ericnusen, J. E. On the influence of the coronary 


circulation on the action of the heart. London M. 
Gaz., 30: 561-564, 1841-42. 


. Burns, ALLAN. Observations on Some of the Most 


Frequent and Important Diseases of the Heart. 
P. 137. Edinburgh, J. Bryce & Co. 


. Keerer, C. S. and Resnick, W. H. Angina pectoris— 


a syndrome caused by anoxemia of the myo- 
cardium. Arch. Int. Med., 41: 469, 1928. 


. Lewts, Str Tuomas, Pickerinc, C. B. and Rorns- 


cHILpD, P. Observations upon muscular pain in 
intermittent claudication. Heart, 15: 359, 1931. 


. TENNANT, R. and Wiccers, C. J. The effect of 


occlusion on m contraction. 


coronary 
Am. J. Physiol., 112: 351, 1935. 


. Master, A. M., Gupner, R., Dack, S. and Jarre, 


H. L. The diagnosis of coronary occlusion and 
myocardial infarction by fluoroscopic examina- 
tion. Am. Heart 7., 20: 475, 1940. 

pectoris with rupture of the 
heart. Boston M. & S. 7., 103: 398, 1880. 


. Huser, Ueber den Einfluss der Kranzarteri- 


enerkrankungen auf das Herz and die chronische 
Myocarditis. Arch. f. path. Anat., 89: 236, 1862. 


. Hammer, A. Ein Fall von thrombotischen Versch- 


lusse einer der Kranzarterien des Herzens. Wien. 
med. Wehnschr., 28: 97, 1878. 


. Docx, G. Some notes on the coronary arteries. 


M. & S. Reporter, 75: 1, 1896. 


. Osprastzow, W. P. and Srrascuesko, N. D. Zur 


Kenntnis der Thrombose der Koronarterien des 
Herzens. Ztschr. f. klin. Med., 71: 116, 1910. 


. Hocunaus, H. Zur Diagnose des plétzlichen Ver- 


schlusses der Kranzarterien des Herzens. Deutsche. 
med. Wehnschr., 37: 2065, 1911. 

Herrick, J. B. Clinical features of sudden obstruc- 
tion of the coronary arteries. 7. A. M. A., 59: 
2015, 1912. 

Herrick, J. B. Thrombosis of the coronary arteries. 
j. A. M. A., 72: 367, 1919. 


. Levirve, S. A. Coronary Thrombosis. Baltimore, 


1929. Williams & Wilkins. 


. Smrru, F. M. The ligation of coronary arteries with 


electrocardiographic study. Arch. Int. Med., 22: 8, 
1918. 


. Sourrn, F. M. Electrocardiographic changes following 


occlusion of the left coronary artery. Arch. Int. 
Med., 32: 497, 1923. 


. Parvez, H. E. B. An electrocardiographic sign of 


coronary artery obstruction. Arch. Int. Med., 26: 
244, 1920. 


1 
17 
20 
22 
23 
26 
28 
29 


516 


30. 


32. 
33. 
34. 
35. 
36. 


37. 


38. 


39. 


49. 


51. 


Dretricu, S. and Scuwrecx, H. Das Schmerz- 
problem der Angina Pectoris. Klin. Wehnschr., 12: 
135, 1933. 

BoOcuner, F., WEBER, A. and Haacer, B. Koronarin- 
farkt und Koronarinsuffizienz in vergleichender 
elektrokardiographischer und morphologischer 
Untersuchung. Leipzig, 1935. Georg Thieme. 

UHLENBRUCH, P. Die Klinik der Coronarerkrank- 
ungen. Ergebn. d. inn. Med. u. Kinderh., 55: 438, 
1938. 

BicunerR, F. Die Koronarinsuffizienz. Dresden, 
1939. Theodor Steinkopff. 

W. Der plétzliche Herztod bei Kranz- 
gefasserkrankungen. Stuttgart. 1939. Ferdinand 
Enke. 

FRIEDBERG, C. K. and Horn, H. Acute myocardial 
infarction not due to coronary artery occlusion. 
J. A. M. A., 112: 1675, 1939. 

Gross, H. and STernserc, W. H. Myocardial in- 
farction without significant lesions of 
arteries. Arch. Int. Med., 64: 249, 1939. 

Master, A. M. and Jarre, H. L. Coronary insuffi- 
ciency and myocardial necrosis due to acute 
hemorrhage, 7. Mt. Sinai Hosp., 7: 26, 1940. 

Master, A. M., Gupner, R., Dack, S. and Jarre, 
H. L. Differentiation of acute coronary insuffi- 
ciency with myocardial infarction from 
occlusion. Arch. Int. Med., 67: 647, 1941. 

Master, A. M., Dack, S. and Jarre, H. L. Nomen- 
clature in coronary artery disease. Mod. Concepts 
of Cardiovascular Disease 10, no. 11, (Nov.) 1941. 


. Master, A. M., JAFFE, Harry L., Dacx, S. and 


GRISHMAN, A. Coronary occlusion, coronary 
insufficiency and angina pectoris. Am. Heart 7., 
27: 803, 1944. 


. Dus.in, L. I. The problem of heart disease. Harper's 


Magazine, 154: 196, 1927. 


. Deaths from Each Cause U.S. 1940-1942. Depart- 


ment of Commerce, Bureau of the Census, Vital 
Statistics, Special Reports. 19: 21, 22, 25, 1944. 


. War, Peace, and National Mortality. Statist. Bull. 


Metrop. Life Insur. Co., 27: 4, 1946. 


. Conn, A. E. Heart disease from the point of view 


of the public health. Am. Heart 7., 2: 275, 1927. 


. National Health Survey: The Magnitude of the 


Chronic Disease Problem in the United States. 
Preliminary Reports, Sickness and Medical Care 
Series. Bull. No. 6, 1938 (rev. 1939). 


. Wuire, Paut D. Heart Disease. 3 ed. New York, 


1944. Macmillan. 


. U.S. National Resources Planning Board: Estimates 


of Future Population, 1940-2000. Washington, 
D. C. (August) 1943. 


. Fretp, L. E. Coronary occlusion and myocardial 


infarction. Correspondence. 7. A. M. A., 31: 354, 
1946. 

BiumcartT, H. L., ScHvesincer, M. L. and Zo it, 
P. M. Angina pectoris, coronary failure and 
acute myocardial infarction. The réle of 
occlusions and collateral circulation. 7. A. M. A., 
‘116: 91, 1941. 


. Barnes, A. R. and Burcuett, H. B. Acute peri- 


carditis simulating acute coronary occlusion. 

A report of 14 cases. Am. Heart 7., 23: 247, 1942. 
Harvey, A. M. and Buuinos, F. T. 

occlusion after fever therapy for sulfonamide- 


52. 


53. 


54. 


55. 


57. 


59. 


62. 


63. 


65. 


67. 


69. 


70. 


Acute Coronary Artery Disease— Master 


resistant gonorrheal urethritis. Am. Heart J., 29: 
205, 1945. 

Boyp, L. J. and Scuerr, D. The electrocardiogram 
after mechanical injury of the inner surface of the 
heart. Bull. New York M. Coll., 3: 1, 1940. 

Wotrertn, C. C., Beczet, S., Livezey, Mary M. 
and Murpny, F. D. Negative displacement of the 
RS-T segment in the eclectrocardiogram and its 
relationship to ges displacement; an experi- 
mental study. Am. Heart 7., 26: 220, 1945. 

Geicer, A. J. Electrocardiograms simulating those 
of coronary thrombosis after cessation of paroxys- 
mal tachycardia. Am. Heart 7., 26: 555, 1943. 

Murpeny, F. D. and Livezey, Mary M. Electro- 
cardiographic changes simulating those of acute 
myocardial infarction in a case of perforated 
gastric ulcer. Am. Heart 7., 26: 533, 1944. 


. Rornenpier, H. H. Comparative electrocardio- 


graphic changes in angina pectoris and coronary 
thrombosis in the same patient; report of a case. 
Ann. Int. Med., 23: 268, 1945. 

Master, A. M. and Russeit, T. B. Acute coronary 
artery occlusion with intraventricular septal per- 
foration, Bernheim syndrome, and superior vena 
cava obstruction, clinically. Ann. Int. 
Med., 22: 440, 1945. 


. Master, A. M., Jarre, H. L. and Dacx, S. The 


of coronary artery occlusion. New York 
State 7. Med., 39: 1937, 1939. 
Incidence of acute 


Grenzen. Verhandl. d. deutsch. Gesellsch. inn. Med., 
50: 136, 1938. 


; Levy, R. L. and Bruenn, H. G. Acute fatal coronary 


J. A. M. A., 106: 1080, 1936. 


124: 1233, 1944. 

Hevpern, Mirton, Asst. Med. Exam., N.Y., N.Y., 
and MartTianp, Harrson S., Med. Exam. 
Newark, N.J. Personal communication. 


. Civilian employment (persons 14 years and over) 


as of June 1946 numbered 56,740,000. Monthly 
Labor Review, U.S. Dept. of Labor, Bureau of 
Labor Statistics, 62: 278 (Aug.) 1936. 

Federal Security , Social Security Board. 
Quoted in Industrial Bull., New York State Dept. 
of Labor, Jan.—Feb. 1945, Vol. 24, No. 1, 2 p. 52. 


_ Master, A. M. and Carrou, H. H. 


insufficiency and occlusion. U. S. Nav. 
M. Bull., 40: 810, 1942. 

Master, A. M., Dacx,¢S. and Jarre, H. L. The 
réle of effort, trauma, work and occupation in the 
onset and subsequent course of coronary artery 
occlusion. M. Ann. District of Columbia, 10: 79, 
1941. 

Master, A. M., Dacx, S. and Jarre, Harry L. 
The relation of effort and trauma to acute 
coronary occlusion. Indust. Med., 9: 389, 1940. 

Master, A. M. Coronary artery thrombosis with 
treatment by prolonged rest in bed and low 
calory diet.: improved prognosis. 7. A. M. A., 
105: 337, 1935. 

Katz, L. N. . Chap. 8. Phila- 


Electrocardiography 
delphia. 1941. Lea & Febiger. 


AMERICAN JOURNAL OF MEDICINE 


@ 
58 
Accepted for publication, Am. Heart 7. 
40 60. Kroetz, C. Anatomische Leichenuntersuchungen 
zum Begriff der Coronariensuffizienz und dessen 
Frencu, A. J. and Dock, W. Fatal coronary 
68. 


Seminars on Rheumatic Fever 


Diagnostic Value of Roentgenography and 
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the heart have been widely used 

for many years in the diagnosis of 
rheumatic heart disease. The method is 
valuable in conjunction with physical ex- 
amination, electrocardiography and various 
laboratory procedures, but may be mis- 
leading if considered apart from the other 
procedures. My approach has at all times 
been that of the clinician trained in the 
use of this tool rather than that of the 


hear hae and fluoroscopy of 


roentgenologist with a knowledge of heart — 


disease. 

The value of this method in rheumatic 
heart disease might be discussed under the 
following headings: (1) The value of roent- 
genology in arriving at an_ etiological 
diagnosis; (2) roentgenology in the estima- 
tion of anatomical sites of lesions; (3) the 
roentgenological manifestations of rheu- 
matic activity; (4) roentgenology as an aid 
in estimating the age or duration of cardiac 
involvement; and (5) the clinical correla- 
tion between signs and symptoms and their 
roentgenological manifestations. 

VALUE OF ROENTGENOLOGY IN ARRIVING 
AT AN ETIOLOGICAL DIAGNOSIS 


There are a number of conditions which 
at times may produce an image, particularly 


in the postero-anterior view, which simu- 
lates that seen so frequently in rheumatic 
cardiacs. A prominent pulmonic segment | 
is not unusual in thyrocardiacs, and a 
straightening of the left upper cardiac 
contour occurs in chronic cor pulmonale, 
right heart failure secondary to left-sided 
failure, in congenital heart disease, and 
other disorders. Figure 14 shows a heart in 
the postero-anterior “view triangular in 
shape, with a straightened left upper cardiac 
contour. The original report of the roent- 
genologist suggested ‘“‘mitralization.”’ This 
proved to be a case of chronic cor pul- 
monale secondary to bronchial asthma, 
emphysema and bronchiectasis. The right 
anterior oblique view (Fig. 1B) shows a 
bulge into the,upper retrosternal space, 
while the course of the barium-filled esopha- 
gus indicates that the left auricle is not 
enlarged. The left anterior oblique view 
(Fig. 1c) shows a small left ventricle, a 
marked grade of inflow tract enlargement 
of the right ventricle, and enlargement of 
the right auricular appendix. It is obvious 
that the appearance in the postero-anterior 
view is not at all diagnostic; indeed the 
initial report was actually misleading. 

_ There really is no typical roentgenological 
picture in rheumatic heart disease. In 


* One of the Seminars on Rheumatic Fever conducted at St. Francis Sanatorium for Cardiac Children, Roslyn, 


Long Island, New York. 
t From the Montefiore Hospital, New York, N. Y. 
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Fic. 1. A, B, C, roentgenographic illustrations from a case of chronic cor pulmonale. 


response to various kinds of damage there 
is cardiac chamber enlargement involving 
one, two or even all chambers. The fre- 
quently associated enlargement of the left 
auricle and the right ventricle occurs often 
in mitral valvular disease. However, it is 
the association of enlargement of the various 
individual chambers that is suggestive 
rather than the overall shape of the heart. 
A diagnosis of mitral valvular disease based 
on auscultatory findings is justified even 
in the absence of left auricular or right 
ventricular enlargement. Many such in- 
stances were found in examination of 


selectees for induction into the armed 
services. 


ROENTGENOLOGY IN THE ESTIMATION OF 
THE ANATOMICAL SITES OF LESIONS 
Here recognition of individual chamber 

size is important. This is determined chiefly 

by fluoroscopy, while roentgenograms in 
the postero-anterior and in the right and 
left anterior and in the right and left 
anterior oblique positions are confirmatory, 
and give us a permanent record useful for 
comparison with subsequent examinations. 

The left ventricle may be enlarged in 
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Fic. 2. A, B and Cc, roentgenographic illustrations from a case of rheumatic heart disease with mitral 
stenosis and tricuspid incompetence. “X” marks the point of opposite pulsations. 


mitral insufficiency and in aortic valvular 
disease. The grades of enlargement vary 
considerably. Aortic insufficiency may be 
associated with marked left ventricular 
enlargement, slight enlargement, or none 
at all. Mitral insufficiency on the other hand 
often causes no left ventricular enlargement, 
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and when enlargement does occur it is 
usually slight or moderate in degree. In 
mitral stenosis the left ventricle is usually 
not demonstrably enlarged. Enlargement 
of the heart shadow to the left in such 
instances is due to the displacement of a 
small left ventricle to the left by right 
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ventricular enlargement. Figure 2A is the 
film of a young woman with mitral stenosis 
and tricuspid incompetence. Note the size 
of the left ventricle below the point of 
opposite pulsations marked “‘X.” There is 
no elongation or rounding of this left 
ventricular segment, and in the left oblique 
view (Fig. 2B) there is no left ventricular 
bulge backwards or down. In the postero- 
anterior view (Fig. 2A) there is straightening 
of the left upper cardiac contour and a 
diminution in the size of the aortic knob. A 
double density is noted on the right due to 
an enlarged left auricle. In the left anterior 
oblique view (Fig. 28) note, too, that the 
left auricle is large enough to have elevated 
and compressed the left main bronchus, 
that the inflow tract of the right ventricle 
is enlarged and that the right auricular 
appendix segment is elongated. The right 
anterior oblique view (Fig. 2c) demon- 
strates retrosternal bulge and left auricular 
enlargement. 

To sum up: The left ventricle is not en- 
larged but is displaced to the left by right 
ventricular enlargement. The left auricle, 
the right ventricle and the right auricle are 
enlarged to a considerable degree. These 
findings served to corroborate the physical 
findings. 

A boy with mitral valvular disease pre- 
sented a long, loud, mitral systolic murmur 
but no diastolic murmur was heard. The 
Jeft ventricular segment (Fig. 3a) below 
the point of opposite pulsation marked 
‘“*X”’ 1s rounded and elongated. In the left 
anterior oblique view (Fig. 3B) the left 
ventricular segment is moderately enlarged. 
In this view, too, the left bronchus is ele- 
vated and compressed by an enlarged left 
auricle; the right auricle and inflow tract 
of the right ventricle are enlarged. The 
left auricle is greatly enlarged in the right 
oblique view (Fig. 3c), displacing a barium- 
filled esophagus posteriorly. 

Finally, here is a third variant in left 
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ventricular size, in a young man with 
rheumatic aortic insufficiency plus either 
mitral incompetency or mitral insufficiency. 
The left ventricle is greatly enlarged, the 
left auricle only slightly so, the other 
chambers are within normal limits, while 
the ascending aorta is elongated and dila- 
ted. The amplitude of left ventricular and 
aortic pulsations was increased, in con- 
formity with the high pulse pressure and 
other Corrigan manifestations present in 
this case. 

To sum up on the determination of 
anatomical sites of lesions: Various grades 
of chamber enlargement are associated with 
individual valvular lesions and with altered 
dynamic output. | 

It is possible to demonstrate calcified 
valves, especially when sought for act- 
ively, also calcification of the pericardium. 
Demonstration of systolic expansion of the 
left auricle indicates mitral insufficiency. 
Observation of expansile pulsations of the 
hilar arteries, termed “‘hilar dance,” estab- 
lishes pulmonary valvular insufficiency or 
incompetency. | 


ROENTGENOLOGICAL MANIFESTATIONS OF 
RHEUMATIC ACTIVITY 

The appearance and regression of a peri- 
cardial effusion in rheumatic cardiacs is 
generally acknowledged as evidence of 
rheumatic activity. It is also generally con- 
ceded that cardiac enlargement in rheu- 
matic heart failure is due to active carditis. 
It is my belief that progressive cardiac 
enlargement, or the demonstration of indi- 
vidual cardiac chamber enlargement when 
compared with a previous examination 
even in the absence of congestive failure, is 
also an indication of rheumatic activity. 
This is true whether such enlargement is or 
is not associated with the usual manifesta- 
tions of congestive heart failure. The cham- 
bers that are most frequently enlarged in 
rheumatic heart disease are the left auricle 
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Fic. 3. A, B and ©, roentgenographic illustrations’ of, a’ case of rheumatic heart disease with mitral 
insufficiency. ““X’’ marks the point of = pulsations as noted during fluoroscopy. 


and the right-sided chambers, though not _ 
necessarily in equal degree. Here, however, - 
was an instance in which the only manifes- ©“ 
tation of rheumatic activity, as far as I could’ 


determine, was in cardiac enlargement.” - 
. enlargement. She seemed perfectly well 


Figure 4a is the film of a young woman with 
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thitral stenosis. Fluoroscopy at this time 
‘showed a prominent conus segment in the | 
_ Postero-anterior as well as right anterior | 
“oblique views, no right ventricular inflow 
tract enlargement, but slight left auricular 
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Fic. 4. A, B, c and D, cardiac enlargement as the only manifestation of rheumatic activity. 


compensated, performed moderately strenu- 
ous duties without breathlessness or discom- 
-fort. Two years later (Fig. 48) significant 
increase in cardiac size was noted. The left 
anterior oblique view (Fig. 4c) shows no 
significant right ventricular inflow tract 
enlargement, though a comparison film un- 
fortunately is absent. The right oblique 
view (Fig. 4p) demonstrates moderate 


retrosternal bulge and slight left auricular 
enlargement. 

At this point this girl was thoroughly re- 
checked. There was no change in her aus- 
cultatory findings. Her appetite and weight 
were unchanged. Her white blood count, 
differential count and sedimentation rate 
were within normal limits. Electrocardio- 
grams failed to reveal any of the usual 
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friteria for rheumatic carditis. She had 
married and led an active social life includ- 
ing dancing and bicycling, in addition to 
her work. 

On the basis of the roentgenological ex- 
aminations, however, she must be regarded 
as having an active though smoldering type 
of rheumatic carditis. It might be argued 
' that purely mechanical stress might have 
caused such enlargement. Against this are 
the numerous observations on other sup- 
posedly healed rheumatic cardiacs, sub- 
jected to similar physical stresses, who do 
not develop such cardiac enlargement. I 
therefore regard this patient, and others 
with similar cardiac chamber enlargements, 
even in the absence of the usual criteria for 
rheumatic carditis, as cases of rheumatic 
activity. 

While on this point of rheumatic activity 
it might be well to mention that demonstra- 
ble calcification of a mitral or aortic valve, 
or calcified pericarditis, probably indicates 
cessation of rheumatic activity in at least the 
involved calcified areas. Other areas, how- 
ever, may be the sites of active carditis in the 
same patient. (Fig. 5.) 


ROENTGENOLOGY AS AN AID IN ESTIMATING 
THE AGE OR DURATION OF CARDIAC 
INVOLVEMENT 


Valvular or pericardial calcification is a 
late manifestation in rheumatic heart dis- 
ease. I have never found them before eight 
or ten years after the onset of the initial 
episode of rheumatic fever, this in spite of 
the fact that calcium deposition may occur 
within a matter of weeks or months. While 
on this point of calcification it might be well 
to discount the prevalent notion that calci- 
fied pericarditis is rarely rheumatic. It just 
isn’t so. I know of four definite cases of 
calcified pericarditis in rheumatic cardiacs, 
three proven at autopsy, the other shown 
during life. (Fig. 5.) 
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Fic. 5. Calcified pericardium (see arrow) in a 
young woman with rheumatic heart disease, 
mitral, aortic and tricuspid valvular enlarge- 
ment. 


Pulmonary fibrosis of the stippled variety, 
simulating miliary tuberculosis and at times 
also silicosis, is a late sequel of chronic re- 
current pulmonary congestion in cases with 
rheumatic mitral valvular disease. 

An interesting and an important aid in 
estimating the age of cardiac involvement is 
the finding of elevation and compression of 
the left main bronchus by an enlarged left 
auricle. Compression of the bronchus can 
occur only while the bronchial cartilage is 
soft and pliable, that is not beyond the teens. 
Elevation of the left bronchus without com- 
pression, however, may occur beyond that 
age. The finding of a compressed and ele- 
vated left main bronchus, therefore, indi- 
cates that left auricular enlargement oc- . 
curred at or before the patient was fifteen, 
carditis often being unknown to the patient. 


CLINICAL CORRELATION BETWEEN SIGNS 
AND SYMPTOMS AND THEIR ROENT- 
GENOLOGICAL MANIFESTATIONS 


Patients with left ventricular enlargement, 
even of marked degree, may be completely 
or relatively asymptomatic. There have 
been athletes of considerable renown with 
aortic insufficiency and significant left ven- 
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tricular enlargement. Left auricular en- 
largement, due to mitral valvular disease or 
to mitral valvular incompetency with left 
ventricular enlargement, may be associated 
with pulmonary manifestations which vary 
considerably in degree. The occurrence of 
pulmonary congestion is usually accom- 
panied by right ventricular enlargement. 
Enlargement of the right ventricular inflow 
tract and the right auricular appendix is 
usually associated with venous and hepatic 
engorgement, dependent edema, diminished 
blood flow to the pulmonary circulation, 
and in consequence there is a diminution in 
pulmonary congestion. 

While on the point of correlation between 
signs and symptoms and roentgenological 
manifestations, it might be well to re-empha- 
size a point made previously, namely, that 
organic valvular disease may be present in 
the total absence of any cardiac chamber 
enlargement. I found hundreds of such in- 
stances while examining selectees for induc- 
tion into the armed services, not only those 
with indubitable mitral valvular disease, but 
also many with aortic insufficiency. How- 
ever, I recall no instance of aortic in- 
sufficiency with a high pulse pressure 
that was not associated with left ventricular 
enlargement. 

The roentgenologic pulmonary manifes- 
tations of rheumatic disease may be classi- 
fied as follows: (1) Pulmonary congestion, 
vascular and interstitial; (2) pleural effu- 
sions, general, loculated and interlobar; (3) 
pulmonary infarction; in cardiacs the latter 
is the most frequent cause of pulmonary 
densities, occurring more often than inter- 
current pneumonic infections. Pulmonary 
infarction should be sought for not only 
when there are chest pains, fever and 
hemoptysis, but also when there are mani- 
festations of collapse, pallor and cold sweats, 
or when the patient develops slight unex- 
plained temperature elevations, or fails to 
respond to hitherto effective doses of digitalis 
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or diuretics. The differential diagnosis here 
should always include rheumatic activity 
and pulmonary infarction. (4) Acute pul- 
monary edema: The central densities radi- 
ating from the hila, which have at times 
been described as the pulmonary manifes- 
tations of uremia, will frequently be found 
during or shortly after episodes of severe 
paroxysmal dyspnea and in pulmonary 
edema. Similar densities occur in paroxys- 
mal pulmonary hemorrhages. (5) Chronic 
pulmonary edema, resulting in small, ir- 
regular, dense areas, usually in the lower 
portion of both lung fields; at times in 
larger densities, involving a complete lobe 
or more, due to localized failure to evacu- 
ate interstitial and alveolar fluid. The 
densities of chronic pulmonary edema must 
be differentiated also from _ atelectasis, 
plate-like areas of pulmonary infarction, 
interlobar effusions and pneumonitis. (6) 
Rheumatic pneumonia: large, small or 
confluent densities associated with active 
rheumatic carditis; (7) pulmonary fibrosis, 
and (8) pleural thickening. 

In conclusion it may be said that roent- 
genology is of considerable assistance to us 
in rheumatic heart disease in various ways; 
as in the determination of heart chamber 
size, in evaluating associated pulmonary 
phenomena and complications, and in the 
recognition of various affections of the peri- 
cardium and valves. I might stress once 
again that it is only one of the methods, an 
important one, used in heart disease and as 
such must be correlated with other labora- 
tory procedures and with the physical 
examination. Failure to appreciate the 
limitations of this method of examination 
may cause the examiner considerable grief 
and chagrin. 

DISCUSSION 


Dr. TaARAN: Thank you, Dr. Schwedel. 
Your views fit in so well with some of the 


criteria for rheumatic activity that have 
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# been evolved here at St. Francis Sana- 


torium. I am glad that Dr. Schwedel 
stressed that progressive cardiac enlarge- 
ment is a manifestation of rheumatic activity 
rather than a result of mechanical stress 
caused by valvular defects. Are there any 
questions? 

Dr. ALLEN: Were the obliques taken with 
any sort of mechanical device to assure a 
proper angle of rotation? 

Dr. SCHWEDEL: No, these films were 

taken without any mechanical aids. I sup- 
pose a turntable or goniometer might be 
used once the degree of desired rotation has 
been established during fluoroscopy. There 
is no predetermined angle of rotation. The 
right auricular appendage is seen in its 
fullest extent in the earlier degrees of rota- 
tion into the left anterior oblique, and so is 
the ascending aorta. The left ventricle, 
however, may not be thrown clear of the 
spine, even in normal individuals until an 
angle of 60 to 65 degrees is attained. In the 
right oblique the optimum visualization of a 
retrosternal bulge as well as the retrocardiac 
projection of an enlarged left auricle will 
vary with each patient. 
Question: How do you differentiate be- 
tween elevation and compression of the left 
main bronchus by an enlarged left auricle? 
Is there a definite pressure area? 

Dr. SCHWEDEL: In compression there is 
definite narrowing of the air-filled bronchus. 
Compression generally is associated with 
elevation of the bronchus, involving the 
entire bronchus, the central portion or the 
peripheral portion, or the elevation and 
compression may be arc-shaped. 

Question: Does the bronchial compres- 
sion ever result in atelectasis? 

Dr. SCHWEDEL: I have never seen atelec- 
tasis attributable solely to bronchial com- 
pression. Bronchial narrowing, however, 
when associated with diaphragmatic eleva- 
tion, pleural effusion or an intrabronchial 
mucous plug, may result in pulmonary 
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alveolar collapse, a term preferable to 
atelectasis. 

Question: Are the miliary-like accumula- 
tigns in mitral stenosis a manifestation of 
chronic passive congestion of the lungs? 

Dr. SCHWEDEL: No, these accumulations 
represent the residual end process of pre- 
vious episodes of cardiac failure; areas of 
alveolar collapse and interstitial fibrosis 
resulting in localized millet-sized areas of 
fibrosis, simulating the picture in miliary 
tuberculosis, miliary carcinoma, sarcoidosis 
or early silicosis. In patients with such a 
picture a superimposed passive congestion 
will tend to obliterate the sharp outlines of 
these miliary-like densities. In chronic 
passive congestion the picture is one of 
diffuse haziness, plus increase in the width 
of the hilar arteries. 

Question: How often do you find a calci- 
fied valve? 

Dr. SCHWEDEL: Seek and ye shall find. 
Fifteen years ago a calcified valve had to hit 
me in the face before I recognized it. Since 
then I have found many, chiefly because I 
have trained myself to look for them. They — 
are most frequently discovered during 
fluoroscopy, with shutters constricted to a 
relatively small opening. Small or larger 
areas of increased density, moving up and 
down or in a rotary motion with each car- 
diac cycle, indicate valvular or annular 
calcification. At times they are exceedingly 
difficult to register on films even with a spot 
film device. 

Here is a film showing calcification of the 
mitral valve. In this right oblique view 
notice this vertical row of calcifications 
within the heart density. 

Look at the barium-filled esophagus. 
Note the displacement due to left auricular 
enlargement. If you look closely, above 
there is displacement of the esophagus an- 
teriorly in the region of the aortic arch; in 
the postero-anterior position the aortic com- 
pression is from the right, instead of from 
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the left as is normal. This type of esophageal 
‘displacement is caused by right aortic arch. 
The association of mitral stenosis and right 
aortic arch may be sheer coincidence but 
might be due to an interauricular septal 
defect. She had no demonstrable left ven- 
tricular enlargement, a large left auricle, 
and a marked degree of right ventricular and 
right auricular enlargement, dilated pul- 
monary arteries; all findings consistent with 
this diagnosis. She died but an autopsy was 
not obtained. 

Dr. Watts: What is the source of emboli 
in pulmonary infarction in rheumatic fever 
cases? 

Dr. SCHWEDEL: The cause of pulmonary 
infarction usually is embolic, though I have 
seen instances of im situ thrombosis of 
pulmonary artery branches obliterating the 
lumen completely or partially, some of 
which resulted in pulmonary infarction. 
When the source is embolic it may come 
from a distal source, such as the calf veins, 
also pelvic and lumbar veins or the emboli 
may originate centrally from within the 
heart, more frequently when auricular fi- 
brillation is present, but often enough when 
there is a regular sinus rhythm. 

Dr. Rusin: If all of the criteria are ab- 
sent in specific cases, except for progressive 
enlargement of the heart, how long is it be- 
fore you say that activity has ceased? 

Dr. SCHWEDEL: If on repeated observa- 
tions, say at six-month intervals, there is no 
further enlargement, the supposition is that 
this manifestation of rheumatic activity has 
ceased. Since it is rather difficult to evaluate 
slight changes in size a final decision on size 
should not be made in less than, say, two years. 

There is a possibility that rheumatic ac- 
tivity may exist without clinical, laboratory 
or roentgenographic manifestations. The 
postmortem observations of Drs. Kugel, 
Rothschild and Gross in rheumatic cardiacs 
indicate that rheumatic activity was present 
in almost all below thirty, and in approxi- 
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mately a fifth beyond the age of fifty. 
While this group was not representative, 
consisting as it did of cardiacs in failure, 
it suggests that evidence for rheumatic ac- 
tivity is frequently unrecognized. It would 
be interesting to have more data gathered 
on rheumatic cardiacs who died of causes 
unrelated to their heart disease, groups of 
cases available to City Medical Examiners 
or to coroners. 

Dr. BenyJAMIN: Do you believe that a pa- 
tient with marked valvular involvement but 
without rheumatic activity will develop car- 
diac enlargement? 

Dr. SCHWEDEL: Such a patient may go on 
for years without enlargement. I suppose 
belief in enlargement on a mechanical basis 
need not be discarded entirely, but modified 
to the extent that if stress is unusual and 
prolonged, or complicated by such factors 
as hyperthyroidism or coronary artery 
disease or some other such factor which 
puts an additional burden on the original 
mechanical difficulties, then cardiac en- 
largement may occur. 

Dr. BENJAMIN: How about the cases with 
considerable valvular deformity, do they 
develop enlargement over a period of years? 

Dr. SCHWEDEL: Mechanically, no. I be- 
lieve that unless complicated by other fac- 
tors cardiac enlargement in _ rheumatic 
cardiacs should be considered as a manifes- 
tation of rheumatic activity. 

Dr. BenjAMin: How about cardiac en- 
largement in congenital heart disease? 

Dr. ScCHWEDEL: In congenital cardiacs, 
as well as other non-rheumatic cardiacs, 
enlargement is probably the result of a com- 
bination of mechanical causes plus such 
systemic factors as hypoxia, relative diminu- 
tion in blood supply with one capillary 
serving an increase in muscle mass, plus 
complicating factors such as infection. 

Dr. Down: How does the heart compen- 
sate for a tight mitral valve without hyper- 
trophy or enlargement? 
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Dr. ScHWEDEL: I suppose you are refer- 
ring to the instances of mitral valvular disease 
rejected for the armed services that I men- 
tioned previously. Because of presystolic 
murmurs they were termed mitral stenosis. 
I seriously doubt whether they actually had 
real obstruction to the flow of blood into the 
left ventricle. We have all used the term 
mitral stenosis too loosely, and the term 
mitral valvulitis with deformity is preferable 
and correct. These cases had no left auricu- 
lar or right ventricular enlargement. True 
cases of mitral stenosis with obstruction 
have left auricular and right ventricular 
enlargement. 

The left auricle and right ventricle may 
be enlarged disproportionately. Dr. Benja- 
min Gouley, of Philadelphia, has pointed 
out that the right ventricle may enlarge even 
in the absence of left auricular enlargement, 
this being secondary to rheumatic involve- 
ment of the lungs. 

Dr. TarAn: Dr. Schwedel, would you ex- 
pand a bit on the advantages and limita- 
tions of fluoroscopy in the study of rheumatic 
heart disease? 

Dr. SCHWEDEL: A fluoroscope is practical, 
convenient and is for most purposes accu- 
rate, at least I think it is so in my hands. 
For comparison purposes I have worked out 
a simple method for the estimation of trans- 
verse diameters which works out pretty well. 
By narrowing the shutters to a vertical slit 
I indicate the right and left outlines on the 
patient’s chest or abdomen with a: skin- 
marking pencil. This diameter, plus sketched 
fluoroscopic outlines in the postero—anterior 
and both oblique positions, are drawn in 
smaller scale on the chart, and the degree of 
enlargement of each chamber and the aorta 


is indicated by plus or plus-minus signs. This — 


method has served adequately for compari- 
son, is convenient, inexpensive and about as 


AMERICAN JOURNAL OF MEDICINE 


527 


accurate as any of the other methods. For 
fine lung detail I send the patient out fora 
teleoroentgenogram. 

Dr. TARAN: How much reliance can be 
placed upon the angle of clearance as an aid 
in estimating the size of the left ventricle? 
If this angle of clearance over a period of 
time changed from 55 to 65 degrees would 
you consider this to be an indication of left 
ventricular enlargement? 

Dr. SCHWEDEL: I might consider the 
change to be due to an error in technic, and 
I believe errors are too frequent to make 
this method reliable as an index of left 
ventricular enlargement. Ten years ago, Dr. 
Harry Gross and I did a control series using 
this method, which included the use of a 
well constructed turntable, on about 160 
school children. These were classified as to 
age, sex, weight and body build. The out- 
lines were traced on cellophane and checked 
twice more. When the difference in all 
three checks was less than five degrees, the 
results were considered reliable and the 
figures averaged. We found no correlation 
between the angle of clearance and the size 
or shape of the heart. It seemed as if the 
varying factor was the distance between the 
posterior surface of the heart and the an- 
terior contour of the spine. 

Enlargement of the left ventricle results in 
increase in the length of its contour. Early 
such enlargement occurs downwards, or by 
increased rounding, termed a “fleshy” 
border by old-time roentgenologists. Later 
the enlargement involves the posterior por- 
tion, the inflow tract, which is the portion 
that is concerned in the angle of clearance. 
The only thing I will concede here is that a 
considerably enlarged left ventricle will 
usually fail to clear at an angle of 55 de- 
grees, but by that time we do not need the 
angle of clearance to establish enlargement. 
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Electrocardiographic Findings in Rheumatic 
Heart Disease’ 
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gram shows features that are charac- 

teristic effects of rheumatic fever alone 
and therefore would not afford criteria for 
the diagnosis. On the other hand, it is 
certainly true that there are many instances 
in which the electrocardiogram may give 
the only sign of rheumatic activity. This 
is more apt to be true at the end than at 
the beginning of an acute attack. I have 
seen patients in whom there were no joint 
symptoms and who had only electrocardio- 
graphic changes. I remember one such 
patient, who came into the clinic ambula- 
tory, with fever and with electrocardio- 
graphic changes, and we did not quite 
know why. She then developed a pericardial 
rub, and the reason for the electrocardio- 
graphic changes became evident. She later 
developed some joint symptoms which led 
to a diagnosis of rheumatic fever. But that 
case I think is exceptional. Usually the 
electrocardiogram is a manifestation of the 
disease which is diagnosed on the basis of 
other findings. 

Rheumatic fever, of course, is much more 
extensive a disease than the rheumatic 
myocardial involvement which gives rise 
to the electrocardiographic changes. There 
are many other areas where rheumatic 
fever may attack besides the myocardium. 
The electrocardiogram should be considered 
as giving evidence of changes in myocardial 
function, and in rheumatic fever these 
functional changes are caused by certain 


] po not believe that the electrocardio- 


types of pathological reaction to the rheu- 
matic process. 

There are in genera) three types of 
pathological changes: (1) There is a gen- 
eral inflammatory reaction with edema, 
interstitial swelling, leukocytosis and fibrin- 
ous degeneration. (2) There is the specific 
type of pathological change known as the 
Aschoff body, which is found in the inter- 
stitial tissue surrounding the small muscle 
bundles and particularly in the interstitial 
tissue surrounding the smaller arteries. 
(3) And then there is an arteritis which is 
also a definite rheumatic manifestation and 
which occurs in the coronary arteries as 
well as in other arteries of the body. We are 
particularly concerned with the coronary 
arteries where it causes an intimal thicken- 
ing and eventually a fibrosis of the vessel 
wall. 

Rheumatic endocarditis of itself probably 
does not affect the electrocardiogram, with 
the possible exception of that peculiar 
mural endocarditis occurring chiefly in 
the left auricle. This may give rise to auricu- 
lar premature beats, auricular tachycardia 
and possibly, auricular fibrillation or flutter. 
Rheumatic valvulitis will not influence the 
electrocardiogram unless the valvular dis- 
ease is severe enough to produce a mechani- 
cal change in the pressure in the ventricles, 
hypertrophy of one of the ventricles or 
auricles. The effects of myocardial disease 
upon the electrocardiogram, of course, 
depend upon the area of myocardium that 


* One of the Seminars on Rheumatic Fever conducted at St. Francis Sanatorium for Cardiac Children, Roslyn, 


Long Island, New York, October 30, 1945. 


7 From Cornell Barrs Medical School, New York, N. Y. 
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is affected and on the character of the 
pathological change; that is, whether it 
results in irritation or a depression of the 
muscular tissue. The myocardial change is 
sometimes of a severe degenerative charac- 
ter though this is rare. The muscle fibers in 
such cases are degenerated and this pro- 
duces a different type of electrocardiogra- 
phic abnormality from that resulting from 
the usual inflammatory reaction with edema, 
infiltration and Aschoff bodies. Occasion- 
ally, the rheumatic arteritis may become 
so severe that it may occlude a coronary 
vessel and lead to thrombosis though this, 
too, is a rare occurrence. 

Depending upon the effect on the muscle, 
we may find premature beats, paroxysmal 
tachycardia or other rhythm disturbances 
arising either in the auricles, the A-V node 
or in the ventricles. Actually, I am not 
aware that ventricular tachycardia has 
ever been observed in rheumatic fever 
though tachycardias with other foci have 
been repeatedly observed. Auricular fibril- 
lation and flutter, and prolonged A-V 
conduction sometimes progressing to heart 
block with dropped beats or even to com- 
plete heart block may occur. Bundle branch 
block is a rare finding. 

Certain changes in the QRS group and T 
wave may occur, such as low voltage of 
QRS, low voltage of IT and changes in 
the electrical axis of QRS. There may be 
elevation of the S-T junction probably 
occurring as a result of acute degenerative 
changes and also diphasic or inverted T 
waves in leads 1 or 1! or both. These features 
usually are found during the active phase 
of the disease though they sometimes persist 
after other signs of activity have gone, even 
after the sedimentation rate has returned 
to normal. 

Occasionally, changes in the T wave or 
in the P-R interval may persist after the 
disease has become inactive. It may be that 
in these cases there is fibrosis, which is 
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interfering with the function of the tissue. 
There is one interesting thing which has 
been observed about the A-V conduction 
time in rheumatic fever. Good-sized doses 
of atropin, such as might paralyze the 
vagus, will shorten the conduction time 
and this has been considered by some to 
indicate that a heightened vagus activity, 
an increased vagal tone, was responsible 
for the prolonged conduction time of 
rheumatic heart disease. This argument 
does not appeal to me because it is possible 
that the diseased tissue reacts abnormally 
to a normal vagal tone. The mere diminu- 
tion of a vagal effect by atropin does not 
prove that the whole effect is due to the 
vagus. 

Figure 1 shows records from three differ- 
ent patients. They all show a normal P-R 
interval, although in two of them it measures 
0.20 second. There also is in the record on 
the left an elevation of the S-T junction. 
It is definitely elevated in leads 1 and 1 and 
very slightly in lead m1. The patient had this 
electrocardiogram for a few days and then 
developed a pericardial rub, which did not 
surprise us because such S-T elevation is 
the recognized electrocardiographic sign of 
pericarditis. The central record shows 
nothing particularly significant in the QRS 
group except left axis deviation of slight 
degree, but the T wave is inverted in lead 1, 
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inverted in lead 1 and upright in lead m. 
There is no S-T junction deviation. This 
curve appeared in the course of a rheumatic 
attack, and shows the character of the T 
wave changes which are sometimes found. 
The record on the right likewise shows only 
T wave changes. The QRS group is essen- 
tially normal. The T wave in lead 1 is iso- 


~ 
? 


Fic. 3. 


electric, or perhaps one might say, diphasic. 
In lead 1, T is inverted and shows a slight 
upward convexity of the S-T segment which 
is like the upward convexity that we see in 
certain cases after coronary disease has 
caused degeneration. This type of curve 
often follows after the acute phase of peri- 
carditis. In this case, it did not but arose 
spontaneously. 


Figure 2 represents tracings of two pati- 
ents with rheumatic pericarditis. ‘The records 
were taken after the disease had been 
present for some time, and they both show 
T wave changes which look very much like 
the waves which you might see in associa- 
tion with the myodegeneration due to 
coronary disease. The record on the right 
has a very small downward T wave with 
upward convexity of the S-T segment. This 
patient also shows premature beats, which 
were probably of left ventricular origin. 
This one in lead u looks perhaps more like 
a nodal premature beat but I think they 
are both from below the branching of the 
bundle and on the left side. 

Figure 3 shows a very common appear- 
ance in the course of rheumatic fever, i.c., 
heart block with dropped beats. It shows 
not a constantly prolonged P-R but one 
which is first 0.28 second, then becoming 
0.32 second, then becoming 0.44 second, 
and then the P wave occurs without any 
ventricular complex indicating a blocked 
auricular impulse. This is the phenomenon 
which is found in a moderately high- 
grade disturbance of A-V conduction— 
the Wenckebach phenomenon. Here we see 
it again in lead nu. Eventually, a P wave is 
blocked, and after the pause the A-V con- 
duction resumes the shorter interval with 
which it started. This sort of thing often 
alternates with periods of occasional dropped 
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beats, or it may alternate with periods of 
regularly dropped beats. That is, there 
might be two auricular waves to one 
ventricular complex. It is not as high a 
grade of block as the two to one block and 
the characteristic thing is that it is transient. 
Clinically, it must be diagnosed from pre- 
mature beats. This should be possible by 
noting the absence of any premature 
ventricular sound. 

Figure 4 shows two records of a patient 
in the acute phase of rheumatic fever. The 
one on the left shows a prolonged P-R, 
which in lead 1 measures 0.24 second and 
in lead u 0.28 second, but in addition shows 
a low voltage of the QRS group, no wave 
being larger than R-2, which measures only 
3.5 mm. In spite of this low voltage of 
QRS the T wave has a normal voltage, the 
largest amplitude being found in lead 
where it reaches 3 mm. This same patient 
later developed a regular tachycardia with 
a rate of almost 100 per minute. No one 
suspected that there was anything but an 
ordinary sinus tachycardia, but the record 
seen on the right shows a nodal tachycardia 
to be present by the P wave which comes 
each time just after the QRS group. This 
is not an uncommon phenomenon in pati- 
ents with rheumatic heart disease. I think 
it is more common than auricular tachy- 
cardia. You will notice that the T wave in 
these records is not abnormal in its form. 
There is one peculiar thing, however, seen 
in the second lead: the first, third and fifth 
T waves are larger than the second, fourth, 
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Fic. 5. A, record of May 20th; B, record of May Ist; 
c, record of April 22nd. 


sixth, etc. In other words, there is an 
alternating variation in the height of the 
T’ wave which is considered to indicate a 
disturbance of myocardial function. 

The next figures are serial records of New 
York Hospital patients with rheumatic 
fever. In Figure 5 the record on the right 
was obtained April 22nd from a patient at 
the beginning of an attack of acute rheu- 
matic fever. The May record was obtained 
at a time when there was no fever but there 
was an increased sedimentation rate. It was 
a mild attack. This patient on April 22nd 
had a tachycardia with a rate of 100 and 
again it was a nodal tachycardia. The P 
wave shows as a notch just following QRS 
in two leads proving that this was a nodal 
tachycardia. The I wave was of average 
voltage. The bottom lead is the fourth 
lead, the precordial lead 4F. On May 1, 
there was a normal sinus rhythm. The rate 
was about 80 per minute and the IT waves 
had a normal appearance in all four leads. 
However, the sedimentation rate was still 
increased at this time although fever was 
absent. You will notice the change in the 
appearance of the T wave. It has acquired 
more voltage. It is larger in amplitude than 
it was on April 22nd. Such changes are not 
infrequent and probably have some signifi- 
cance, in this case indicating a changed 
condition of the myocardium. A record 
was obtained on May 20th, a month after 
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Fic. 6. A, record of June 4th; B, record of May 24th. 


the first one. At that time there was tachy- 
cardia, the rate being 100 per minute. The 
auricular-ventricular sequence was normal 
and the ventricular complex was normal. 
There was no fever; the joint symptoms had 
subsided, but the sedimentation rate was 
still increased. 
_ Figure 6 was obtained from another 
patient. This patient on May 24th had an 
apical systolic murmur, fever and an 
increased sedimentation rate. At that time, 
as seen in the record on the right the A-V 
conduction time was prolonged, P-R meas- 
uring 0.24 second. The QRS group was not 
abnormal but the T wave in lead u had a 
peculiar notched appearance which is often 
the forerunner of an inversion of the T 
wave. In this case, however, the next record, 
obtained on June 4th, at which time the 
fever had subsided although the sedimenta- 
tion rate was still increased, showed a 
normal A-V conduction time. There was a 
sinus arrhythmia. The T wave, however, 
had increased considerably in voltage and 
the peculiarity of ‘TT, was no longer present. 
T’3 had an unusual appearance in the slight 
elevation of the S-T junction and the down- 
ward peak at the end of T. The last beat in 
lead 111 was an auricular premature beat. 
Figure 7 shows two more records of this 
same individual. The one on the right was 
obtained on June 25th. There were inter- 
mediate records which I left out because 
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July 23rd; s, record of June 25th. 


they did not show any significant changes. 
At that time the patient had a reappearance 
of arthritis and fever, very mild arthritis 
and not much fever. The sedimentation rate 
remained increased. The auricular-ventri- 
cular conduction time was again prolonged 
to 0.24 second; the QRS group was the 
same. The S-T junction in lead m was 
elevated a full millimeter, which was not so 
before. In lead u also there was an eleva- 
tion of 1 mm. which was not previously 
present. Besides the change in the S-T 
junction, the voltage of T in Figure 6 was 
much larger than in Figure 7. The change 
in voltage of T and in the elevation of the 
S-T junction indicated a change in the state 
of the myocardium. A record was obtained 
July 23rd at which time the patient was 
about ready to be sent home. Though he 
had no fever, the sedimentation rate was 
still increased. The S-T elevation, which 
was present in lead u had been consider- 
ably reduced and in lead m the S-T eleva- 
tion had disappeared; the voltage of T had 
slightly increased. The fourth lead con- 
tributed nothing in this case. 

Figure 8 is a third case. The first record 
at the right was made when the patient 
was ambulatory and did not demonstrate 
any acute rheumatic manifestations. It may 
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Fic. 8. a, record before acute attack; B, record of 
January 14th; c, record of January 25th. 


serve as a control. Four leads are shown 
and there is nothing unusual about it except 
the left axis deviation. The patient had 
murmurs which led to a diagnosis of aortic 
stenosis and insufficiency with mitral in- 
sufficiency. He had a very large heart and 
was a man of about forty-five years of age. 
January 14th was a couple of days after the 
beginning of an acute rheumatic attack 
which did not make itself very evident in 
the joints but which was associated with 
definite fever and increased sedimentation 
rate. If we had only seen this record without 
having seen the previous one we might 
hesitate to say that that T wave was 
abnormal, but having seen the earlier 
record, I think it is proper to say that this 
is abnormal. The S-T segment in lead 1 is 
somewhat elevated, and the T wave does 
not have the normal type of curve concave 
upward toward an apex, which we see in 
lead 1 of this record and in lead n of the 
previous one. The large upward T wave in 
lead Iv is also unusual. There is no change 
in the P-R conduction time. The tracing 
taken on January 25th, seen on the left while 
fever was still present and the sedimenta- 
tion rate increased, showed abnormal T 
waves in lead mu with inversion and per- 
haps a little coving of the S-T segment, 
an upward convexity. There was no change 
during this time in the murmurs that were 
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ary 23rd; Bs, record of February 11th; c, record of 
February 4th. 


found over the precordium. They remained 
the same. 

In Figure 9 the record on the right was 
obtained on February 4th, nine days later. 
The T wave in lead 1 is upward; the T wave 
in lead m has assumed a form which you 
might consider normal if you had not seen 
the earliest record. I think, however, it 
might be called normal. There is no signifi- 
cant abnormality in this record and the 
P-R interval is normal. There was no fever 
at this time and the sedimentation rate was. 
increased. On February 11th, seven days 
later, fever. had reappeared. The record 
shows a change in T,. It becomes diphasic. 
In lead mt a ventricular premature beat 
makes its appearance. Twelve days later, 
on February 23rd, there is no fever. The 
sedimentation rate is still increased. The 
T wave of this record ‘in lead 1 appears 
about as on February 11th. 

In Figure 10 we see on the right the record 
of March 8th, two weeks later. During this 
time there had been no more fever and no 
more joint manifestations. ‘The process was 
apparently subsiding but the sedimentation 
rate was still increased. The T wave in 
leads u and Iv is returning somewhat more 
towards normal. Here is an example of how 
the diagnosis of activity of rheumatic fever 
may be aided by the electrocardiogram. 
There was nothing in this patient’s clinical 
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Fic. 10. The same case as Figures 8 and 9. a, record 
of April 3rd; B, record of March 27th; c, record of 
March 8th. 


_ appearance between March 8th and April 


_ 3rd to indicate that his condition was not 


progressively improving. Yet this T wave, 
which was essentially normal on March 8th, 
has become definitely abnormal on March 
27th and on April 3rd is still definitely 
abnormal. At this time the physicians were 
so impressed with the fact that the man had 
clinically recovered from his rheumatic 
fever that they sent him home with this 
progressing abnormality in the T wave. It 
_seems to me that this was an indication of 
activity of the rheumatic process and that 
he should have been kept in the hospital 
until the IT’ wave returned to normal or 
stopped showing progressive changes. These 
electrocardiographic changes are found 
with a frequency which has never been 
accurately determined because the fre- 
quency with which you find these things is 
going to depend upon how often you look 
for them. 

There are only two series of cases in which 
daily records have been taken. Dr. Cohn 
took daily records of thirty-seven cases. 
Dr. Master and Dr. Jaffe took daily records 
of sixty-three cases. Dr. Cohn found 93 per 
cent, which is all but two of his cases, to 
have some form of abnormality of the 
electrocardiogram during the course of 
their illness. Master and Jaffe found 100 
per cent of their cases to have some signifi- 


cant change in the _ electrocardiogram. 
This includes arrhythmia, form changes 
and P-R changes. If you look for it daily, 
you will find electrocardiographic changes 
in practically 100 per cent of rheumatic 
patients. The percentage of findings are 
interesting in different series. They read 
as follows: 100, 100,95, 94, 93, 92, 90, 94, 
70, 67, 40, 22. In the last group, electro- 
cardiographic changes were found in only 
22 per cent of patients who had chorea, 
and they had only about three records 
from each patient in the course of a number 
of months. That is why they found only 
22 per cent to show any abnormality. If 
they had taken more frequent records, I am 
sure that they would have found more 
frequent changes. 

The relative frequency of P-R changes 
and T wave changes is of interest, but is 
found nowhere in the literature. The 
authors have not attempted to distinguish 
statistically between changes in P-R and 
changes in T waves. True, it is not very 
important, for the findings indicate activity 
of the disease in either case. But it may be a 
matter of more than academic interest 
whether the activity lies in the A-V con- 
ducting tissue or in the ventricular myo- 
cardium which produces the T wave. 
Master and Jaffe, who have the largest 
number of daily records of patients, found 
increased P-R time in 65 per cent, and in 
one-third of these the conduction disturb- 
ance went to the degree of dropped beats. 
They did not report any cases of complete 
heart block. Dr. Cohn in his thirty-seven 
cases found complete heart block in one 


case. He found bundle branch block in 


three cases. Master and Jaffe did not find 
it at all in their larger series. ‘Therefore, it 
must be an infrequent happening. Master 
and Jaffe found abnormal S-T and T 
wave changes in 85 per cent of their cases. 
Cohn does not distinguish statistically 
between the two types of change. The 
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arrhythmias occur with a variable fre- 
quency in the different series, but I think 
that Cohn’s findings on the arrhythmias are 
the best reported. In thirty-seven cases he 
found auricular premature beats ten times, 
not in ten cases but ten times; auricular 
fibrillation five times; auricular flutter 
once; auricular tachycardia five times. He 
found sino-auricular block once. He found 
A-V nodal premature contractions three 
times. He noticed A-V nodal rhythm five 
times. This does not give you the idea of 
the number of cases that developed these 
things but only the frequency of occurrence 
in the series of cases. He found prolonged 
P-R and heart block combined ten times. 
A-V rhythm is’ perhaps one of the most 
common types of arrhythmia that we 
encounter, if you exclude the dropped 
beats which are associated with the higher 
grades of heart block. 

With less frequent records, a different 
picture is presented. Dr. May G. Wilson 
reports on fifty-four hospital cases with 
acute rheumatic fever. She found prolonged 
P-R or abnormal T wave or elevation of 
S-T or some other arrhythmia in 33 per 
cent. In these cases, records were taken 
about once a week. In 860 ambulatory 
patients whose records were taken occasion- 
ally, 22 per cent showed some sort of electro- 
cardiographic abnormality. It is important 
to bear in mind that these electrocardio- 
graphic abnormalities occasionally may be 
found when the patient does not show any 
other evidence of rheumatic activity though, 
as I said before, the sedimentation rate is 
usually coincidentally affected. When elec- 
trocardiographic abnormality occurs with- 
out the sedimentation rate being affected, I 
would be inclined to attribute it to a fibrotic 
myocardial change rather than to an acute 
inflammatory reaction. In most patients, 
the disturbance of the record entirely 
disappears when the disease disappears and 
only a small percentage is found to have 


AMERICAN JOURNAL OF MEDICINE 


535 


any abnormality in the electrocardiogram 
after the acute phase of the disease. Right 
or left axis deviation of QRS affords an 
exception here which might be due to 
hypertrophy of one or the other ventricle 
of the heart. 


DISCUSSION 


Dr. TARAN: It is commonly taught that 
there are three distinct types of disturbances 
in the electrocardiogram in acute heart 
disease; one refers to rhythm, one refers to 
muscle change, and the last refers to possi- 
ble changes in the size of the heart, as 
ventricular strain. Are there any changes 
in the electrocardiogram that might be 
significant of disturbances in the functional 
integrity of the heart? For instance, in acute 
infarction one may find that the systolic 
period of the heart is increased. In hypo- 
calcemia, in hypopotassium states, when 
there is a disturbance in the functional 
dynamics of the heart, there is also a dis- 
turbance in the sequence of events in the 
cardiac cycle. Can this disturbance of 
sequence of events be considered a criterion 
of an acute inflammatory process of the 
heart muscle itself? 

Dr. ParbEE: Yes, I think so, definitely. I 
always look upon the electrocardiogram 
as a record of a physiological function of 
the heart, one which is unrelated to all 
other functions except perhaps the chemis- 
try of the heart muscle. That, after all, is 
the basic function which produces the 
electrical potential. In the course of disease 
there are physiological changes in the mus- 
cle, changes due to the inflammatory reac- 
tion which is present, to the edema, to the 
encroachment upon the muscle bundles by 
pressure, and I do not know what the 
Aschoff bodies do, but they probably repre- 
sent chemical irritation of some sort. I 
think that all those things, any one of them, 
may change the electrocardiogram. It may 
change the S-T junction or the T wave, or 
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it may cause an arrhythmia of what I call 
the irritative type, the premature beat or a 
tachycardia, no matter where it occurs in 
the heart. Only when we have permanent 
structural changes do we get permanent 
electrocardiographic changes. That is why 
I think that all of these things should be 
looked at as being on the physiological 
level. They are due to changes which we 
can see only occasionally with a microscope. 

Edema is the main change which we can 
see. Fever itself does not seem to cause this 
type of electrocardiographic change. I 
do not think that these patients with acute 
rheumatic fever are usually subject to dis- 
turbances in their calcium metabolism, so 
I question if that could be used as anything 
but an illustration of a type of abnormality 
that can change the electrocardiogram. I 
think the lesson from all this is that in 
following a patient with acute rheumatic 
fever it is advisable to take electrocardio- 
graphic records from time to time, especi- 
ally approaching the time when you think 
it is all over and the patient is getting better. 
If you then find abnormalities in the T wave 
or in the conduction time, I think this is an 
indication that it is not over; I think that 
the percentage of cases that come through 
rheumatic fever with permanent electro- 
cardiographic changes is very small, per- 
haps 1 or 2 per cent and that they have this 
because of fibrosis. 

Dr. GELLER: It was my impression as I 
saw those slides that some of those T waves 
showing changes in voltage also appeared 
peaked and symmetrical. The T’s were 
definitely abnormal in that they were 
peaked and symmetrical rather than normal 
and asymmetrical. 

Dr. PARDEE: I think that that is a very 
interesting observation and perhaps one 
that I have not appreciated. I think that 
this may be a new feature of the abnormal 
T wave that we may recognize as being due 
to myocardial abnormality. 


ECG in Rheumatic Heart Disease—Pardee 


Dr. GOERNER: In rheumatic fever do you 
ever see changes in the S-T and T waves in 
the precordial leads that are not evident in 
the other leads? 

Dr. PARDEE: Yes, I think you do. These 
records that are shown here happen to have 
normal precordial leads in each case, even 
when the limb leads are abnormal, but 
there are other cases in which the precordial 
leads are abnormal and the limb leads are 
normal. The frequency of that I could not 
tell you. It has never been studied to my 
knowledge. Although I know of one series 
of cases reported by Levy and Turner in 
which they studied precordial leads, yet 
they were concerned more with serial 
changes in the same patient. I do not think 
they reported on the number of precordial 
leads that were abnormal when the limb 
leads were normal. They were concerned 
with changes in precordial leads from one 
time to another. However, I am sure from 
what I know of the electrocardiogram that 
there must be many cases that will show an 
abnormality in the precordial lead and yet 
have normal limb leads. 

Dr. GoeRNER: Would you consider a 
sharp inversion of the T wave in precordial 
leads in a thirteen-year old child significant? 

Dr. PARDEE: I would want to be sure 
that it was obtained at position four because 
the placement of the precordial electrode 
is one of the biggest stumbling blocks in 
electrocardiographic technic. If it was not 
placed near the sternum, if it was at the 
apex, the child being thirteen years old, I 
would think that an inverted T wave in 
such a patient would certainly mean an 
abnormality of the myocardium of some 
sort. 

Dr. GOERNER: Even as an isolated finding? 

Dr. PARDEE: Yes. 

Dr. Watts: Then we are to infer from 
your answer to the last question that there 
are precordial leads with the T wave in- 
version that can be considered normal? In 
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other words, IT wave inversion, possibly 
more to the right than to the left of the 
apex, can be considered within the limits 
of normal? 

Dr. Parpee: Absolutely so in children. 
In adults, particularly in women of the 
hyposthenic type, leads from near the 
sternum, position: 1 or even position m 
in children, may show an inverted T wave 
in individuals that are, I believe, normal. 
And in adults, in women of the hyposthenic 
type, a T; may be inverted. 

Dr. Watts: And five and six? 

Dr. PArpDeE: But not in four or five. 

Dr. Watts: When you see a bundle 
branch block on the electrocardiogram of a 
patient whose past history is unfamiliar to 
you or when the patient denies all previous 
illness, do you interpret such a finding as 
_ myocardial injury and damage or can that 

be within the limits of normal? 

Dr. ParpeeE: I would feel, if I saw a 
record with bundle branch block, that the 
patient’s heart was abnormal, that is, it had 
some pathological change. I understand 
that Willius has advanced the idea that it 
may be a normal phenomenon. I cannot 
understand it as such. 

Dr. Watts: In the army we often ob- 
served bundle branch block in apparently 
normal individuals, often times men who 
had previously been athletes and had had 
no sign of heart disease. It would always 
become a great problem as to whether that 
patient should be discharged from the army 
on that simple finding. As a matter of fact, 
the principle was followed that they were 
discharged, but it always used to bother me. 

Dr. TARAN: Is it not conceivable that 
those were congenital findings and did not 
interfere with the function of the heart, 
permitting these individuals to become 
athletes. From the functional standpoint, 
therefore, they may be considered as 
normal. 

Dr. ParpeE: That bundle branch block 
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may be a congenital anomaly in association 
with other congenital disease is well known, 
but the type of case referred to, I under- 
stood, had no other evidence of heart 


disease. As an isolated congenital anomaly, 


I am not acquainted with it. That may be 
Willius’ contention. It is certainly obvious 
that people can have bundle branch block 
and have no apparent impairment of their 
cardiac reserve. Why should they? It makes 
very little difference to the heart function 
whether one ventricle goes off two or three- 
hundredths of a second after its normal 


time. So I can understand a very sharply 


localized disease affecting a bundle branch 
and not affecting much else of the myo- 
cardium, which might not cause the heart 
to be below normal in its functional capacity 

There are many such patients. The first 
time I heard of this was many years ago. I 
received an electrocardiogram from the 
West. A doctor had bought an electro- 
cardiographic machine and had taken a 
trial record of his brother who was thirty- 
five years of age. It showed right bundle 
branch block. He sent it to me in consterna- 
tion. What could he do about it? That has 
been cropping up ever since; a great deal 
of it was found in army work. All we know 
about it would lead us to believe that it is 
due to a small focus of disease. 

Dr. Batrro: I have just published a 
paper on the precordial leads of children. 
We found that the inverted T wave in the 
precordial leads in normal children are 
different in form from the inverted T wave 
in abnormal cases. The ascending limb of 
the ‘T wave in normal children is long and 
reaches or, in fact, rises above the iso-elec- 
tric line, whereas in the abnormal heart it 
does not reach this point. 

Dr. PARDEE: Very interesting. I did not 
know that. 

Dr. Batrro: And after ten years of age 
we never found a T wave inversion in the 
precordial leads Iv, v or VI. 
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Case Reports 


Histoplasmosis 


Report of Diagnosis from Biopsy of Cutaneous Nodules* 


WILLIAM A. THOMAS, M.D. and JAMES HERBERT MITCHELL, M.D. 
CHICAGO, ILLINOIS 


ORKING independently, Major 

Leishman in May, 1903, and Cap- 

tain Donovan in July, 1903, iden- 
tified and described the organism responsible 
for kala azar. Armed with this knowledge, 
Darling’ of the U.S. Public Health Service 
in Panama, reasoned that there should exist 
in that region of the New World a disease 
which has such widespread distribution in 
the tropics of the Near and Far East. In 
1905, while examining the lungs, liver, 
spleen and bone marrow of a Martinique 
negro, he encountered numerous tubercles, 
presumably miliary tuberculosis, in which 
no acid fast organisms could be demon- 
strated. By the use of other stains, he ob- 
served intense invasion of endothelial cells 
by small, round or ovoid bodies, about 
three microns in diameter, with refractile 
peripheries and non-homogeneous internal 
structures. It is to the credit of Darling that 
he did not accept these organisms as 
Leishman-Donovan bodies and that, failing 
to find with polychrome methylene blue- 
eosin stains the chromatin rods characteriz- 
ing the latter, he concluded that he had 
discovered an hitherto unknown organism 
responsible for a fatal infection in a native of 
this hemisphere. He regarded the organism 
as protozoon in character, an opinion con- 
curred in by Major Ronald Ross, and named 
it Histoplasma capsulatum and the disease 
histoplasmosis. In 1906, two additional 
cases reported in detail in 1908? were found. 


During a period of three years, among 
33,000 admissions to Ancon Hospital, no 
additional cases were encountered. 

It was not until 1925 that a fourth case 
was observed when Riley and Watson’ 
found the disease in a fifty-two-year old 
German-born female patient, who had not 
been outside of Minnesota for the last 
forty-four years. Generalized lymphadeno- 
pathy, splenomegaly and cirrhosis of the 
liver were present. With routine hema- 
toxylin and eosin stains, the invading 
organisms were at first entirely overlooked. 
They were clearly revealed later with 
Weigert-Gram, Giemsa, Bensley’s aniline, 
acid fuchsin and methyl green, and phos- 
photungstic acid—hematoxylin stains. Ini- 
tially they were considered to be 
Leishman-Donovan bodies, but were later 
shown to be identical with Darling’s 
Histoplasma capsulatum. Watson‘ pub- 
lished a detailed account of the histologic 
findings with special discussion of the origin 
of the phagocytic cells. 

Because of its close resemblance to the 
Leishman-Donovan body, Darling, Ross 
and others considered Histoplasma capsu- 
latum to be a protozoon. However, Rocha- 
Lima® as early as 1912, after studying 
Darling’s material, believed that it was a 
yeast-like fungus, an opinion confirmed 
when De Monbreun* succeeded in growing 
the organism in vitro in a yeast-like form 
typical of fungus, with production of 


* From the Presbyterian Hospital, Chicago, Illinois. 


AMERICAN JOURNAL OF MEDICINE 


= 
a 
538 


Histoplasmosis— 7 homas, Mitchell 


539 


Fic. 1. X-ray of lungs. a, April, 1943, slight increase of density at right base; 8, four weeks later, 
generalized increase in lung markings. Diagnosis: x-ray, low an: inflammatory infection, 


possibly blastomycosis. 


mycelia and spores. Conant,’ in his compre- 
hensive study of its growth characteristics, 
classified it in the Moniliaceae group of 
Fungi imperfecti. The yeast-like form alone 
is pathogenic to humans, has never been 
recovered outside of the human body, and 
on artificial media exhibits typical spinate 
or barbed forms (Fig. 3a.) as contrasted 
with the mycelial type which has been re- 
covered from dogs, possibly rats and other 
rodents. Neither form has been recovered 
outside of mammalian bodies. By appro- 
priate cultural methods, either form can be 
converted to the other. 

Since the fungus does not appear to exist 
freely in nature, nothing is known of the 
portal of entry or method of infection, but as 
the entire gastrointestinal tract, respiratory 
system and skin are commonly involved, 
they presumably constitute the most fre- 
quent sites of infection. The disease is ap- 
parently not very contagious as there are no 
published reports on consanguinity, con- 
tact, or exposure resulting in infection. 
Demonstration of the fungous character of 
the organism, as contrasted with the proto- 
zoon nature of the Leishman-Donovan body, 
detracts from the value of Patton’s® impor- 
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tant ebansveniets that the latter, in all stages 
of development, may be found in infected 
bed-bugs. Furthermore, in contrast to 
histoplasmosis, it is reported that in kala- 


azar the cutaneous and systemic forms of the 


power section of cutaneous 
obtained by biopsy. 


disease do not manifest themselves in the 
same individual, at any rate not at the same 
time. 

Since there have recently been numer- 
ous excellent and detailed accounts of the 


‘manifestations of histoplasmosis, reviewing 
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Fic. 3. A, growth of Histoplasma capsulatum 
from blood culture on blood agar plate at room 
temperature, showing characteristic spinate 
form of yeast form pathogenic to man. 


present knowledge of sex incidence, age, 
occupation, methods of diagnosis, incidence 
and distribution, as well as full descriptions 
of thedisease in the human body, no attempt 
will be made to recapitulate these facts. 
Broders et al.’ published a review of the 
literature with a case report of vegetative 
endocarditis of this origin. Parsons and 
Zarafonetis’® have more recently presented 
a complete bibliography and extensive 
discussion, including summaries of seventy- 
one published cases with a detailed de- 
scription of ten of these. 

The increased number of cases reported, 
especially since 1936, is due in all probabil- 
ity to more general recognition of the 
disease. Clinically this has been accom- 
plished by more frequent sternal or tibial 
punctures, blood smears, biopsy, and in 
- particular by realization of the slow growth 
of the organism both at incubator and room 
temperatures (thus avoiding the practice of 
too rapid discarding of cultures, since growth 
may appear as late as twelve or even eight- 
een days). Pathologists, bacteriologists and 
'parasitologists have also become more 
familiar with the material obtained by cul- 
ture or at postmortem and consequently 


Fic. 3. B, growth on Sabouraud’s medium at 
room temperature. 


have recognized the organism more fre- 
quently. A diagnostic cutaneous test by 
intradermal injection of the filtrate of a 
broth culture of the organism has also been 
reported." 

Histoplasmosis until recently has been 
considered an invariably fatal disease. How- 
ever, there have been recent reports of 
healed, calcified lesions, ostensibly tubercu- 
losis, which after careful examination were 
considered to be healed histoplasmosis. 
Parsons and Zarafanetis’® described ap- 
parent recovery from local, ulcerated lesions 
following x-ray therapy, and in cases in 
which the infection was limited to lymph 
nodes, cure*by the use of antimony prepa- 
rations and by diamidine. 


CASE REPORT 


A seventy-two year old woman, who had 
been under our medical care for many years, 
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Fic. 4. A, gross section of lungs; B, fibrocaseous involvement more gen- 
eralized and uniform than in pulmonary or miliary tuberculosis. X< 73. 


came to the office January 4, 1943, for a routine, 
semi-annual examination before going to Florida. 
She had always been in excellent health, was 
an alert, active person taking part in many 
civic and community affairs, and except for a 
known diverticulum of the esophagus, had had 
no illness or abnormality. Thorough questioning 
and examination at that time revealed no 
indication of disease. 

On her return in April, 1943, she presented 
a striking picture of advanced Addison’s 
disease; appearing thin, with marked pigmenta- 
tion of the entire body, especially noticeable on 
the exposed portions, and was obviously weak 
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and desperately ill. Her symptoms were anorexia, 
nausea and vomiting, diarrhea, weakness and 
loss of ten pounds in weight. History revealed 
that she and her husband had what was pre- 
sumed to be the then prevalent virus entero- 
colitis (intestinal influenza) from which he had 
promptly recovered. She, however, had a chill 


at the onset, with fever lasting for five days, after 


which a persistent, non-productive cough de- 
veloped. In spite of medication and a carefully 
maintained colitis-type diet, all symptoms per- 
sisted and she was sent immediately to the 
Presbyterian Hospital. Remembering that her 
sister had died two years previously of peri- 
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Fic. 5. Live 


r, round and ovoid bodies both 
intracellular and extracellular. 


arteritis nodosa, after a prolonged illness with 
fever of obscure origin and symptoms in many 
respects similar to those of the patient, this 
diagnosis was primarily considered. On admis- 
sion she had fever ranging from 100°F. to 103°F., 
which persisted until death. Examination re- 


’ 


examination of numerous stools and serological 
tests for undulant fever and typhoid, as well 


'as the Kahn test, were normal. In spite of her 


cough, no sputum was ever obtained. 

She was allowed to go home, where she was 
seen frequently. But as her condition became 
progressively unfavorable, she returned to the 
Presbyterian Hospital one month later, May 
18th, having lost an additional twelve pounds, 
with persistence of cough, anorexia and nausea. 
Diarrhea had ceased. There were rales at the 
base of each lung posteriorly. X-ray (Fig. 1B) of 
her chest showed marked increase in density in 
both lungs as compared with the film taken one 
month previously, the markings being suggestive 
of a low-grade infection, possibly blastomycosis. 
Blood pressure was approximately as before, 
158/86. At this time she had in the web of the 
right hand between the thumb and first finger, 
a hard, umbilicated nodule or papule which 
was very tender and painful and in spite of her 
other discomforts, she complained bitterly about 
it and maintained that it was very important. 
Four days after admission, her nurse reported a 
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Fic. 6. Adrenal cortex; A, high power; B, oil immersion, invasion of cells and 
extensive caseation necrosis of tissue. 


vealed a tender mass in the right upper. quad- 
rant, a gallbladder filled with stones and failing 


to concentrate dye, normal gastric acidity, 


blood pressure 150/80, confirmation of esopha- 
geal diverticulum, white blood cell count 4,500 
with normal differential, and normal chest 
x-ray. (Fig. 1a.) No amebae were found in 


crop of similar lesions about her neck and 
shoulders posteriorly and on the following day a 
large number, perhaps fifty, appeared rather 
generally distributed over the body. They were 
very painful, especially with pressure, so that 
she could not be comfortable in any position. 
Sections were obtained by biopsy (Fig. 2) 


AMERICAN JOURNAL OF MEDICINE 


o 
542 Histoplasmosis— 7 homas, Mitchell 
+2 
be 
‘4 
4 
ee 
‘ee et 
» 
oti 
t 
a 
' 
oe, 
* 
fs 
4 


Histoplasmosis— 7 homas, Mitchell 


(J. H. M.). The pathological report showed 
numerous fungus-like organisms were present, 
diagnosis blastomycosis. Not satisfied with this, a 
second biopsy was performed and the material 
obtained was studied by examination of stained, 
macerated tissue on slides, and by sections, 
each method revealing an organism identified 
as Histoplasma capsulatum. Culture of the fresh 
material later grew an identical body. The day 
on which the second biopsy was performed, 
positive blood cultures appeared on Sabouraud’s 
medium after nine days’ growth at room tem- 
perature and the characteristic yeastlike form 
with spinate configuration (Fig. 3) confirmed 
the tissue biopsy findings, as did subsequent 
growth from this latter source. No specific 
(antimony) therapy was instituted and death 
occurred June 20th. 

Complete autopsy confirmed the antemortem 
diagnosis of histoplasmosis. The entire reticulo- 
endothelial system was involved. The anatomic 
diagnosis follows: Histoplasmosis of lungs, liver, 
spleen, kidneys, adrenal glands, trachea, thymic 
fat, skin; also tracheobronchial, parapancreatic 
and mesenteric lymph nodes; extensive fibroid 
mycosis of the lungs; generalized embolic 
papular and ulceropapular mycosis of the skin; 
extensive coagulation necrosis of the adrenal 
glands; moderate brown pigmentation of the 
body, especially the exposed portions of the 
upper extremities; mycotic focal glomerulone- 
phritis was evident with minute focal mycotic 
granulomas of the liver and spleen and focal 
necrosis of the liver, as well as subacute hyper- 
plasia of the spleen. The other findings were not 
relevant. 


COMMENT 

Of particular interest, considering the 
striking resemblance to Addison’s disease, 
is the extensive involvement of the adrenal 
glands and the presence of extensive coagu- 
lation necrosis. No normal adrenal cortical 
tissue remained and where isolated groups 
of cortical cells could be identified, they 
appeared to be undergoing coagulation or 
hyalin necrosis. (Fig. v1 A and B.) Further- 
more, despite the clinical picture, as well as 
the gross and microscopic evidence of al- 
most total adrenal cortical destruction, the 
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blood pressure remained elevated through- 
out (148/74) to within thirty-six hours of 
death. 

In view of the extensive and generalized 
embolic cutaneous papular lesions in this 
patient, it is of interest to record that 
Darling, in Case 3, notes “‘the presence of 
cutaneous papules.”’ 


SUMMARY 


A case on first impression presenting a 
syndrome resembling acute adrenal cortical 
insufficiency, and later that of a generalized 
fungous infection presumably blastomyco- 
sis, was demonstrated antemortem by ma- 
terial obtained from biopsy to be one of 
histoplasmosis. 
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Congestive Heart Failure Arising from 
Uncontrolled Auricular Fibrillation 
in the Otherwise Normal Heart 


Follow-up Notes on a Previously Reported Case* 


I. C. Britt, 
PORTLAND, OREGON 


HAT auricular fibrillation may de- 
velop in an otherwise normal heart 
and without any discoverable cause 
is now a generally accepted fact. However, 
that prolonged overwork resulting from un- 
controlled auricular fibrillation may of itself 
cause congestive failure in a heart free of 
organic disease is less generally recognized. 
The following case, which has been the 
subject of a previous report,’ is now pre- 
sented with additional notes extending over 
a period of eleven years. 


CASE REPORTS 


CasE 1. A woman aged forty-three years, 
from whose history there was excluded rheu- 
matic, hypertensive, thyrotoxic or any other 
heart disease, suddenly developed auricular 
fibrillation followed three months later by 
severe congestive failure. The extent of the 
cardiac enlargement and pulmonary congestion 
is shown in Fig. 1. 

After one week of bed rest and digitalization, 
normal rhythm was restored on June 18, 1935, 
by means of quinidine sulphate. Small main- 
tenance doses of quinidine were continued for 
two days. All. medication was then stopped and 
from July 20, 1935, to the day of the last 
examination, July 17, 1946, no treatment was 
administered. 

During this period of more than eleven years 
the patient has remained in perfect health and 
has carried on an exceptionally active social and 


economic life. Frequent physical, radiological 
and electrocardiographic examinations have 
failed to disclose any significant deviations from 
the normal. Figures 2, 3, 4, and 5 show the chest 
films and electrocardiograms recorded respec- 
tively in 1941 and at the last observation in 1946. 


This case clearly demonstrates that severe 
congestive failure of a normal heart may be 
brought about by overwork resulting from 
uncontrolled auricular fibrillation. It also 
shows that in this type of case a complete 
and apparently permanent cure may be 
effected through the restoration of normal 
rhythm. 

At the time of the first communication in 
1937, the only similar case found in the 
literature was that of Parkinson and Camp- 
bell.2 Since then two others have been 
reported, one by Levine and Beeson* and 
one by Trotter and Eden.‘ In the latter 
instance the arrhythmia was abolished by 
total thyroidectomy. The patient had been 
under observation over a period of eight 
years, and although the rate was controlled 
with digitalis therapy, the heart continued 
to enlarge and several episodes of congestive 
failure occurred. Following total thyroidec- 
tomy, regular sinus rhythm returned and the 
heart became normal in size. At no time 
before or after the operation were signs of 
thyrotoxicosis demonstrated and the thyroid 
gland was entirely normal macroscopically 


* From the Department of Medicine of the Multnomah Hospital and the University of Oregon Medical School. 
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Fic. 1. Film taken June 8, 193 
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5, showing passive conges- 


tion and fluid in pleural cavities. The transverse diame- 
ter of the cardiac shadow measures 14.4 cm. 


Fic. 2. Film taken September 2, 1941, showing no pas- 
sive congestion and heart normal in size, shape and posi- 
tion. The transverse diameter of the cardiac shadow now 


measures 11.6 cm. 


and microscopically. Presumably total thy- 
roidectomy rather than quinidine therapy 
was elected in this case because of the 
prolonged history of auricular fibrillation 
and repeated attacks of congestive failure. 
However, Parkinson and Campbell’s case 
which was analogous in duration and 
repeated. episodes of failure responded 
equally well to quinidine therapy. 

In the cases cited above the pathological 
processes induced by auricular fibrillation 
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appear to have been completely reversed by 


‘measures which controlled the cardiac rate 


and permanently abolished the arrhythmia. 
However, in similar instances if digitalis 


alone is used and no effort is made to restore 


normal rhythm, the continued heart strain 
and consequent cardiac enlargement may 
result in chronic and eventually fatal myo- 
cardial insufficiency. 

Such a case has been reported by Gossage 
and Hicks.* A man aged twenty-three years 
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Fic. 3. Electrocardiogram taken September 2, 
1941, showing normal tracing. Ventricular 
rate, 65. 


during a coughing spell developed auricular 
fibrillation. A few hours after onset ex- 
amination revealed the heart not enlarged 
and otherwise normal except for the ar- 
rhythmia. Although the rate was controlled 
by digitalis therapy, frequent examinations 
indicated gradual cardiac enlargement and 
one year after the onset of auricular fibrilla- 
tion the apex beat was found to be in the 
sixth interspace, two inches external to the 
nipple line. Gross peripheral edema never 
developed but at varied intervals there were 
spells of precordial pain, palpitation and 
dyspnea. One and one-half years after the 
onset, while running across the road after 
a friend, the patient fell dead. 

Autopsy revealed a large heart (600 Gm.) 
with completely normal arteries and valves. 
Numerous sections taken from various parts 
of cardiac tissues failed to reveal any 


abnormalities. The muscle fibers looked 


healthy, there were no collections of leuko- 
cytes and no increase of fibrous tissue. 

It is possible that many similar cases 
remain unrecognized even at autopsy, due 
to complications which develop after a 
prolonged period of fibrillation and failure. 
The following case is an illustration. 


Fic. 4. Film taken July 17, 1946, showing no 
passive congestion and heart normal in size, 
shape and position. 


Case u. A man, aged forty-seven years, was 
first seen in April, 1936. His complaints were 
palpitation of some four years’ duration, numb- 
ness of the extremities and dizzy spells. Exami- 
nation disclosed a heart of normal size, a totally 
irregular rhythm and electrocardiographic evi- 
dence of auricular fibrillation. The blood pres- 
sure readings, the basal metabolic rate, and the 
blood and urine were essentially normal. During 


‘the ensuing years the heart remained in per- 


sistent auricular fibrillation and the rate was 
only poorly controlled by digitalization. After 
several episodes of congestive failure the patient 
died January 1, 1940 from pulmonary embolism. 

During the final months of life he had suffered 
numerous embolic accidents involving the lungs, 
the brain, the extremities, and perhaps also a 
small branch of the left coronary artery. At 
autopsy the heart was found greatly enlarged 
(760 Gm.) The valves were normal. The coro- 
nary ostia were freely patent and serial sections 
of the coronary arteries showed only a slight 
degree of arteriosclerotic thickening. No areas of 
significant narrowing or complete occlusion were 
found. The myocardium was normal macro- 
scopically and microscopically with the excep- 
tion of a small area of thinning near the apex. 
This may have been the result of an occlusion 
(embolic?) of a small branch of the left coronary 
artery although no direct evidence of such an 
occlusion was found in any of the numerous 
sections studied. Other embolic lesions were 
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Standard Leads 
I, Ul 


Unipolar Precordial Leads 
V2, Vi, Ve 


Unipolar Limb Leads 
AVL, AVR, AVF 


Fic. 5. 


found in the left kidney, both posterior tibial 
arteries (canalized thrombotic emboli), the 
brain (in the region of the right internal capsule), 
and the lungs (bilateral pulmonary embolism). 
The multiple emboli undoubtedly originated 
from mural thrombi which were present in the 
left atrium and both ventricles. With the excep- 
tion of an infarct in the left kidney no renal 
lesions were found. No arteriolar thickening was 
present to justify the assumption of hypertensive 
disease as an explanation for the extreme cardiac 
enlargement or for the onset of auricular fibrilla- 
tion. The thyroid showed slight interstitial 
fibrosis, but no hyperplasia or lymphocytic 
collections were present. 


This case illustrates the difficulties attend- 
ing the attempt to determine the underlying 
etiological factors in a cardiopathy of this 
nature. Certainly at the time when auricular 
fibrillation was first noted none of the known 
causes usually responsible for such an ar- 
rhythmia could be demonstrated, and none 
could be definitely established at autopsy. 
It is not improbable that the arrhythmia 
was of itself the prime factor. 
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SUMMARY AND CONCLUSION 


Follow-up notes extending over a period 
of eleven years are presented on a previously 
reported case. These observations together 
with others cited from the literature offer 
convincing evidence that overwork from 
uncontrolled auricular fibrillation may of 
itself produce cardiac enlargement and con- 
gestive failure in a heart otherwise free of 
organic disease. The importance of recog- 
nizing the functional nature of the ar- 
rhythmia in such cases and of establishing 
normal rhythm is pointed out. 


REFERENCES 


1. Brust, I. C. Auricular fibrillation with congestive 
failure and no other evidence of organic heart 
disease. Am. Heart 7., 13: 175, 1937. 

2. Parkinson, J. and CAMPBELL, M. Parox auricu- 
lar fibrillation: A record of 200 patients. Quart. 7. 
Med., 24: 67,1930—31. (Case 186.) 

3. Levin, S. A. and Begson, P. B. The Wolff-Parkinson- 
White syndrome, with paroxysms of ventricular 
tachycardia. Am. Heart 7., 22: 401, 1941. (Case 4.) 

4. Trorrer, W. R. and Epen, K. C. Total thyroidec- 
tomy for heart failure: An unusual case. Brit. Heart 
J., 3: 200, 1941. 

5. Gossace, A. M. and Hicks, J. A. B. On auricular 
fibrillation. Quart. 7. Med., 6: 435, 1913. (Case 4.) 


4 


Book Review 


Biochemistry of Cancer. By Jesse P. Greenstein, Head 
Biochemist, National Cancer Institute, National Insti- 
tute of Health, United States Public Health Service. 
Pp. vin + 389, with 39 figures and 104 tables. New 
York, 1947. Academic Press, Inc. Price $7.80. 


The author has in this volume made 
available a comprehensive and authoritative 
summary and analysis of the contributions 
of the biochemical approach to the cancer 
problem. The appearance of the work is 
well timed, coinciding with the large-scale 
effort toward better understanding and 
control of the cancer problem now being 
organized. The present volume should help 
in orientation of that effort by facilitating 
evaluation of the biochemical studies in 
this field. 

Following a brief introduction to the 
oncological sciences and a consideration of 
the general phenomena and taxonomy of 
cancer, the author considers the induction 
of tumors, attempts at control of tumor 
induction and growth, and the properties 
of tumors. The induction of tumors is 
discussed under the headings extrinsic 
factors (carcinogens) and intrinsic factors 
(sex hormones, mammary tumor inciter 
for mice, viruses). Attempts to control in- 
duction and growth of tumors are divided 
according to methods classifiable under 
nutrition, endocrinology and chemother- 
apy. The chemistry of tumors, a subject 
with which the author has been especially 
identified, and the chemistry of the tumor- 
bearing host comprise the main chapters of 
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the section dealing with the properties of 
tumors. A frank and objective appraisal of 
the present status of experimental and 
clinical cancer research concludes the text. 

Thirty-nine figures and 104 tables are 
interspersed throughout the book. Each 
chapter is followed by a list of selected 
references. An author and subject index 
complete the work. 

Dr. Greenstein has summarized an im- 
pressive amount of data dealing with the 
biochemistry of cancer and the cancer- 
bearing subject, particularly in connection 
with experimental animal tumors and in 
such fields as carcinogenic agents, mam- 
mary tumorogenesis in mice, and com- 
parative enzyme studies in normal and 
neoplastic tissues. Even more impressive, 
however, is the amount of properly ori- 
entated investigation which, as the author 
makes clear, is still needed, particularly in 
the biochemistry of human cancer. It is 
evident that what has been accomplished 
is merely an indication of the potentialities 
of the biochemical approach to the problem 
of cancer. 

Dr. Greenstein remarks that “cancer 
research at the present time appears to be 
conducted along two diverging streams, 
one experimental and the other clinical, 
and neither is very much aware of what the 
other is doing.” The present volume should 
prove an important step forward in correct- 
ing this situation. 

A. B. G. 
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NORMAL VAGINA 
— pH of 3.8 to 4.4 


The phrase “back to normal” accurately describes the action of the 
Floraquin regimen in the treatment of Trichomonas vaginalis vaginitis and the 
various other types of vaginitis, with or without leukorrhea. 

Floraquin is particularly efficacious in destroying not only the trichomonads 
but other pathogenic organisms present as well as restoring the infected 


. vagina to normal acidity and flora. It aids in replenishing the normal 
, glycogen content of the cells of the vaginal mucosa and permits the renewal 
of the normal thickness of the vaginal epithelium. 


FLOR AQ U I product of Searle Research—contains the 
protozoacide, Diodoquin, combined with lactose, dextrose and boric acid. 


FLORAQUIN POWDER—for office insufflation; 1 oz. and 8 oz. bottles. 
FLORAQUIN TABLETS—for home use; boxes of 24. 


Floraquin and Diodoquin are the registered trademarks of G. D. Searle & Co., Chicago 80, Illinois. 
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This car is running with an EMPTY “gas tank ! 


aaa AFTER the gas gauge says “empty” a 
modern car can keep going for a good many 
miles. Here’s why. 

Automobile manufacturers know human na- 
ture. They figure that, sooner or later, we'll get 
careless, or misjudge how far we have to go. So 
the gas gauge is set to show “empty,” while there 
are still a couple of gallons left in the tank. 

This reserve supply is a swell idea that has 
kept many a family from getting stuck. 

It’s an even better idea for a family’s budget! 

A reserve supply of dollars is a lifesaver in case 
of financial emergency. It will keep your family 
going if sudden illness strikes, or unexpected ex- 
penses show up. 


And one of the easiest ways to build just such 
a cash reserve is buying U.S. Savings Bonds on 
the Payroll Savings Plan! 

Millions of Americans have discovered that 
automatic Bond buying is the quickest, surest 
way of saving money. What’s more, the money 
you save in Bonds buckles right down and starts 
making more money—in just 10 years you get 
back $100 for every $75 you put in today. 


So keep on buying Bonds on the Payroll 
Plan. Buy all the extra Bonds you can, at any 
bank or post office. And remember, you're help- 
ing your country as well as yourself—for every 
Bond you buy plays a part in keeping the U. S. 

and economically sound! 


Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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And so is FERRO-ARSEN. For most rapid 
hemoglobin regeneration and for increased proba- 
bility of patient’s response, Ferro-Arsen for 26 
years has been satisfying thousands of physicians. 


Ferro-Arsen represents controlled therapy in the 
management of hypochromic anemia. It places 

the iron directly in the blood stream where it is 
required and where it can be quickly effective. 


Ten cc ampuls contain as much iron and as much 
arsenic as do four grains of iron cacodylate. 
This may be compared with the one grain in 
ampuls of iron cacodylate known as Iron and 
Arsenic. Yet Ferro-Arsen is not irritating and - 
its use has been singularly free from toxicity, 


Breon« Company 
& KANSAS CITY 10, MISSOURI 
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Rewritten 3rd Edition 
MODERN DRUG ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 


HIS TIME-SAVING volume presents 8140 Ethical drugs of 
Bp: tical manufacturers that doctors use 
in their every-day practice. With this service on your desk, you 
may quickly refer to = medicinal preparation Therapeuti- 
cally, Alphabetically or by Manufacturer, and find its com- 
position (with structural ulas), action, uses, supply and 
dosage, as well as cautions and contraindications 
The new third edition has been completely rewritten and 
reset. In the five years that have ela cok ee 
in their praise of this service. 

KEPT UP TO DATE 
New Modern Drugs, which completely describes new drugs 
placed on the market, is issued quarterly and is sent to pur- 
chasers of the Drug Encyclopedia at no extra charge. 


CONCISE - COMPLETE - AUTHORITATIVE 


grand 
I refer to it every day. It is my bible. I am in 


Appreximetely 1200 peges 


Completely rewritten 
and reset NEW MODERN DRUGS 49 W. 45th S&., New York 19, N. Y. 
handsomely bound Enclosed is the sum of ten dollars ($10.00) for which please send 
me postpaid GuTrman’s Moperan Dauc EncrciorepiA AND 
THERAPEUTIC AND New Mopzarn Dauoas. (Remittance 


NEW MODERN DRUGS 
a9 Ww S¢ New Yorr 
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For the nutritionally deficient 
patient on a salt-free diet 


With the advance of years, effective nitrogen 
balance through nutrition becomes increasingly 
difficult to maintain. 


In such instances increased oral protein intake is 
necessary for the restoration and maintenance 

of a positive nitrogen balance in the aged. 

These intact protein*carbohydrate granules of 
Protinal are sodium-free and contain all the amino 
acids necessary to maintain life and growth. 
Where there is a normal functioning of the 
gastrointestinal tract, with protein deficiency, 
PROTINAL is indicated. 


Gerontal patients will find sodium-free 
PROTINAL (Plain and Chocolate Flavor) 
pleasant tasting, readily digestible and highly 
effective. Twenty grams of PROTINAL with 


each meal are adequate in most cases where 
increased protein intake is necessary. 
a Available in 8-ounce and 1|-pound bottles. 


© product of modem reseorch 
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TISEPSIS 


REQUIRING AN 


The indications for the use of an antiseptic in the physician’s 
office are indeed many and varied . . . So much depends upon 
the efficacy of the antiseptic used that its selection becomes 

a matter of prime importance. . 

Phe-Mer-Nite (a brand of phenylmercuric nitrate) is a 
dependable antiseptic. It is bacteriostatic in dilutions as high 
as 1:1,000,000; it destroys spore-forming organisms in dilutions 
as high as 1:37,500; it is so nontoxic and nonirritating that 

it may be used in dilutions as low as 1:1000. 


For routine use on the unbroken skin, Tincture Phe-Mer-Nite, 
1:3000, is the antiseptic of choice. The tincture is intended 
primarily for preoperative skin preparation ... For routine 

use in the treatment of abrasions, lacerations, infections, 

burns, and other skin lesions, Solution Phe-Mer-Nite, 1:1000, 
usually diluted further with four parts of water, is the anti- 
septic of choice. It is also used as a spray or gargle in 
infections of the nose and throat . . . The solution is effective 
even in the presence of blood, pus, or exudate. It is a depend- 
able agent for the sterilization of instruments and rubber gloves. 


Phe-Mer-Nite is a powerful bactericide—stable, odorless, 
nontoxic, nonirritating to the tissues—dependable in every 
procedure requiring antisepsis. 

The S. E. MASSENGILL COMPANY 


Bristol, Tenn.-Va. 
NEW YORK ¢« SAN PRANCISCO + KANSAS CITY 
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May we remind you that there are 
17 published reports in leading medical 
journals, dealing with the use of 
Ertron.Steroid Therapy in Arthritis? 


We shall gladly send reprints 
for your file. 


ERTRON 


Steroid Complex 
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“BG NOT SICK TOO LATE6, 
NOR W@LL TOO SOON.” 
POOR RICHARD’S ALMANAC (1734) 


TODAY, THE DOCTOR SAYS IT THIS 
“If you’re not completely well, you’re sick.” ° 
In nutrition, the value of such an attitude is well 
established. Today, vitamin deficiencies are pror 
recognized as diseases needing prompt and adequat 
treatment. To most physicians, adequate treatmer 
includes ee multivitamin therapy 


Reg. U.S. Pat /Of. 
THERAPEUTIC VITAMIN CAPSULES 


Each cap, 
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150 mg. 
tamin D (Activated Ergosterol) 1,250 U.S.P. Units 


DOSE: 1 to 3 capsules daily as directed by physician. 
PACKAGING: Bottles of 100 capsules. 


Cy To prevent its indiscriminate use, PRESCRIBE IT. 
WILLIAM R. WARNER & CO., INC. ¢ NEW YORK e ST. LOUIS 


WARNER 
ESTABLISHED 1650 
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